
This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 
to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 
to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 
are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other marginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 
publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we have taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 

We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain from automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attribution The Google "watermark" you see on each file is essential for informing people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liability can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 



at |http : //books . google . com/ 



William Collins, Sous, & Co.'s Educational Work? 

COLLINS' ELEMENTARY AND ADVANCED SCIENCE SERIES, 

Adapted to the requirements of the South Kensington St/llabuSyfor Students 
in Science and Art Classes, and Higher and Middle Class Schools, 

ELEMENTARY SERIES. 
In Fcap, Zvo, fully Illustrated, cloth lettered, price Is. each volume. 

1. Practical Plane 4^ SoLir '^'^hetry. By H. > vcel. Islington 

Science School, Lgndoh. 

2. Machine CoNSTBUCtioN AntD Brawino. By E. Tomkifu. Tol. I. 

Text, Vol. II. Platea, ^ 

3a Building Construction— Stone, Briek, tiud Slate WorV. By R. S. 

BuRN,.C.E. Vol. I. TeTLt, Vol. II. Plates/ 
3b Building Construction- -Timber and Iron Work. By R. S. Burn, 

C.E. VoL I. Text, Vol. II. Plaice. 
4a Naval Architecture — Jiaylng Ofi. By S. J P. Thearle, 

F.R.S.N. A.,. London. Vol. 1. Taxt. ^^ Vol. II. Plates. 
4b Naval Architecture — "Wood and Iron Shipbuilding. By S. J. P. 

THBARLBi VoL I Text. Vol. II. Plates. 

5. Pure Mathematics. By L. Sergeant, B.A. (Camb.). 

6. Theoretical lyiECHANTcs. 

7. Applied Mech^JI-kics. By W. Rossiter, F;R.A.S. 

8. Acoustics, Ligbt, and Heat. By Wij.i£kM Lees, A.M. 

9. Maonetisk and Electricity By Jx)w^ Anoki.l, Manchester. 
iO. Inorganic Chemistry By Dr. W. B. KfeMSKEAD, > VR.A.S. 

11. 0ROANi«> CHiaMIKTRY. By W. MARSHALL WaTTSJ D.Sc . 

12. Geology. By^^^S. Davis, LL.D., Derby. - 

13. MineiUlogy. By J. H. Collins, F.G.S., Fahnmith. 

14. Animal Physiology. By John Angell, MaiicJie.sver. 
i5. 2ooLb'>?. By M. Harbison, Newtonardfi. ,- I 

16. Vegetaj^let Anatomy and Physiology; By P#«fes?ov ijAi r-r ub. 

17. SYSTEMAlliS AND ECONOMIC BOTANY, j^ Profe|gO/ O^-LFOT- . 

18a PRiJsrctrLES of .^Iining — Coal. By J. H. CoLLi.vSvF.G.S. 
LSb PuiNcirLES OF Mining — Iron. By J.-H. Colt »/v§jjP.G.S. ^ , 

20. Navigax'Jon. By Henry Evers, LL.D., PlyniouC;* 

21. Nautical Astronomy x^^toHfi^^Y' Ever^, LkD. 

J2a Steam and the Steam Sngi ^loirid and Matine. By Dr. Evers. 
22b STEAii ENGiNE—Lbooniwti'S^ '" H. Evers, LL.D. 
i3. Physical Geography. - 1**^ ^ » v JftACTUuk, F.R.G.S. 

24. Practical Chemistry. 2 -* ^^ n- Howarth L^don. 

25. Astronomy- By J. J. .Pt^M>":i.a, O^stenatory, Durham. 

26. Manual of Qualitative Ciiemjcal Analysis. By F. Beilstein. 

^xt>'a' Volumes, Post SvnOjC'^othi ""* 
AiT.^r-D Mechanics. r. By Henry Evers, I,L.*P- • 
Magnetism and Electricity. Enlarged Edition. By J. Angell. 
Theoretical Mechanics. By J. T. Bottomley, Glasgow Univ. 
Inorganic Chemistry. Enlarged Edition. By Dr. Kemshead. 
Animal Physiology. Enlarged Edition. By Jcjhn Angell. 
General Biology, j oa Tn.,uf ...t^^ it^ ^ r nj^a^^rr^^ 
Agricultural Tex/^ ^po 



■^ 



London, Edlnbui 



m It 



Glasgow. 



^itized by Goodie 



FIRST BOOK OF GEOLOGY. 






^ Digitized by VjOOQIC 



. V 






Digitized by VjjOOQIC 



Collins* (Hementarg &timu &tvite. 



FIRST B0i3KJ)E GEOLOGY. 



V 




LONDON ANP^GLASGC 
WILLIAM COLLI^, SONS, & ^OMPANY. 
1875. 

[J^rights r€*erved,] 



Digitized by VjjOOQIC 




Digitized by VjOOQIC 



PEEFACE. 



This little book* has been written principally to supply 
the want of a cheap and yet reliable text-book, experi- 
enced by the numerous Science Classes which have sprung 
into existence since Government has aided and encouraged 
the scientific education of the people. The plan of the 
book is original, but covers the syllabus drawn up by 
Professor Eamsay. 

To prevent misconception, I will say at once that this 
book has no pretensions to be a guide to any examina- 
tion, but is intended to introduce the really earnest 
student to the study of Geology. Examinations, how- 
ever, are not to be ignored ; it is indisputable that they 
are important and indispensable aids to education ; but 
in my experience I find that a student who makes them 
the ultimatum of his study not only loses the true pleasure 
derived from an acquaintance with the secrets of nature 
and the accumulation of intellectual wealth, but he often 
acquires a secret distaste for the subject of his studies. 

The student is, therefore, earnestly recommended to 
study this little work on Geology in the true spirit of a 
philosopher ; let him study Geology aa a geologist ; let 
him endeavour to see and handle as far as possible all 

Digitized by VjOOQIC • 



VL < PREFACE. 

that which is merely described here, while at the same, 
time he makes himself master of the theoretical explana- 
tions, and submits himself to occasional exercises and 
tests — ^let him do this, and while he enjoys the intellec- 
tual satisfaction which the study of nature always gives, 
he will in the surest manner be preparing himself for 
any eicamination at which he may wish to present him- 
self. 

W. S. D. 

DsaMU, August 187& 
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CHAPTER L 

Objects 9? Geology— General Struotttbe of the Earth— 
Bocks and Minerals. 

1. Objects of Geology.^ — ^The objects of Geology are 
very -wide. The iteience aims at a complete investiga- 
tion of the structure oN^e earth, and attempts to explain 
how the different varietiefl^of structure have been brought 
about. v^ 

The size, shape, and density* -qf the earth, and other 
questions with regard to its general structure, are par- 
ticulars which concern Astronomy as well as Geology, 
and are principally supplied by the former science. Tbe 
present condition of the earth's surface, with its distribu- 
tion of land and water, irregularities d( land surface, 
atmospheric phenomena, vegetable and animal life, 
together with many other similar topics^ are matters 
which, although they are of great importanoe to Geology, 
are specially studied as a distinct science with the 
title of Physiography or Physical Geogmphy. This 
leaves Gteology to grapple, not so much with the earth 
as a whole or with wlmt clothes its surface, as with the 
constitution of the surface itself and what ib beneath it. 

The earliest researches of Geology brought to light 
the important fact that the rocks composiiig the exterior 
^ Gr. g^ the earth; logos, an accoftnt of. 
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2 GfiOtOOY. 

of the eaiiih are of different ages ; each age of the world 
being represented by its own series of rocks. But what 
lends such interest and importance to Geology is, that 
the history of the past ages of the world is imprinted 
on the rocks themselves. These imprints consist princi- 
pally of the remains of animals and plants which liv^ 
on the earth while the rocks were formings and were 
enclosed in them, and, becoming conrerted into stone, 
were permanently preserved. l£ese remains^ which are 
well known as fossils, bear evidence of the condition of 
the earth's surface at the time when the rock which 
encloses them was formed ; they tell of land and water, 
sunlight and air, and many other conditions necessary for 
animal and vegetable life ; they help to fumish, in &ct^ 
an accoimt of ti^e Physical Geography of the age. 

It will be seen that^ sa farther aoqueintaikce is made 
with the adeiEMTe of Geology, it oonoema itself Ia]:gely 
with the past histony of the earth, and this history is 
read ohieAy by means of the fossila endosed in the rocks 
which form its exterior. These records are, however, 
uninteUigible^ except bj th^ aid derived from dose 
observation oS the present state of things <m the earth's 
surfkoa 

2. General Sbmeltire of the Eartb.~We leam from 
AstroiKHay that the earth is a globe with a mean dia- 
meter of 7dl2'4 miles. Its shape is not truly spheri- 
cal, for it is somewhat flattened at two opposite points 
wljieih coiacide with its poles^ or terminations of its 
axis 0i revolutioD. The polar diameter ia 26^ mfles 
less than the t^iwUorial diameter. 

The deoaify or specifio gravity of the earth as a whole 
has been aaoertaioed to be about 5 or 6, That is, the 
earth would weigh five or six times as much a» an equal- 
ized globe of water. The rocks oceuning at the surface 
have OBDly a qpedfio gravity of 2^ or 3, which leads to 
the eondusion that the interior of the earth oonaists of 
denser, or heavier materials than those which are fotmd 
at the surface. Whether the density of the earth goes 
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Oil ind^ading to the centre or not^ is a question to wliich 
no positiye answer can yet be given. 

The exterior of the earth consists of a solid stracture 
-with an irregular surface, presenting a successive variety 
of mountains^ plains, and vaUeys. The deepest depres- 
sions are filled with water, and these constitute the 
oceans. It will be easily understood that the relative 
amount of land and water depends on the capacity of 
the parts which are depressed and the total quantity of 
water. "Were the surface of the earth everywhere a 
geographical plain, the water would entirely cover it to 
a uniform depth. Above both land and sea we have the 
atmosphere, an ocean of air, which extends upwards for 
many miles and completely envelops the earth. 

3. Crust of the Earth. — ^In another chapter reasons 
will be given which lead geologists to think the 
earth was once in a state of fusion, and that having 
gradually cooled by the radiatiox^of its heat (the exterior 
more than the interior), a solid superficial Letyer was at 
length formed, and whix^ is spoken of aa the '' Crust of 
the Earth.** We may, however, apart fix)m any theory, 
conveniently speak of the crust of the earth as beiag 
the solid exterior to which our direct observations are 
confined. 

4. Rocks and Minerals. — ^The crust of the earth is 
made up of a variety of solid materials to which the 
general term rock is given. Not only are stony and 
compact rocks like sandstone, limestone, or granite, in- 
cluded imder.thia term, but soft and loose matter such 
as clay and sand. In short, all solid matter not imme- 
diately derived from animal or vegetable sources^ but 
which occurs naturally in large masses, is called rock by 
geologists. 

Some rocks, such as limestones^ have the same com- 
position throughout. Others, when carefully examined, 
are seen to be made up of a mixture of crystals or small 
particles of different kinda The distract substances 
composing rocks are called minerala. In granite three 
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4 , GEOLOGY. 

different minerals can be easily made out. These are 
quartz, felspa/r, and mica. The crystals of felspar are 
most conspicuous ; they are opaque and have flat faces. 
The mica occurs as thin scales, which readily cleave with 
the point of a knife into still thinner laminae.^ The 
quartz crystals are glassy-looking and more transparent 
than the felspar. 

The number of distinct minerals occurring in nature 
is very large, and their study is embraced by the science 
of Mineralogy. The rock-forming minerals are, however, 
comparatively few ; quartz, felspar, and mica are among 
these, and oiliers will be described as occasion requires. 



CHAPTER IL 

STKATiPiia) Rooks — Aqueous Orioin of Stratified Rocks— 
Descbiftion of the mobb common Aqueous Books — 
Metamobphio Rocks. 

5. Stratified Bocks. — ^The great majority of rocks ap- 
pearing at the surface of the earth occur in regular 
beds, each bed preserving an almost uniform thickness 
over greater or less areas. Eocks of this class are called 
stratifled.2 They may be observed in almost every rail- 
way cutting, stone quarry, and sea-cliff; in mine shafts, 
foundations of buildings, and many other places where 
the surface or deeper rocks have been exposed. 

It will be foimd, on inspecting the rocks themselves, 
that the strata are sometimes horizontal and sometimes 
inclined. Occasionally they are curved and crumpled. 

The student should collect specimens of all the stra- 
tified rocks in his district, and closely study them. 

1 Lat. lamvMi,, a thin plate ; pi. lawman, 

* Lat. straticm, spread or strewn out ; pi. strata. 
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Additional character belonging to this class of rocks 
may then be observed. In the first place, careful exami- 
nation will generally show that they are either dull and 
earthy-looking — sometimes consisting of finely-powdered 
matter, such as clay, or of fine-grained stone like shale — 
or they wiQ consist of rounded particles or fi-agments, 
which may be loose, as sand and pebbles, or consolidated, 
as sandstone and conglomerate. Again, the majority of 
stratified rocks are fossiliferous — ^that is to say, tiiey con- 
tain remains of animals and plants converted into stone. 
There are few neighbourhoods where fossils do not occur, 




Fig. 1.— stratified rodu as Been in railway catUngn, itone qnaxries, 
sea-cliffs, eta 

and the search for them is not one of the least engaging 
parts of geological study. 

6. Aqueous Origin of Stratified Rocks.— The surface 
rocks of the land are continually being worn away by the 
action of rain, frost, running water, and other natural 
agents. The wasted material is carried away by streams 
and rivers into lakes or the sea, where it collects at the 
bottom, forming layers or beds. 

Sea-breakers act destructively on the coasts, tearing 
away particles and fragments, and rolling them outwards 
into deeper water, where they accumulate, and form beds 
similar to those formed by the material brought down 
by rivers. 
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6 QEOLOQT. 

The mineral matter composing these beds consists of 
finely-ground particles in the form of mud or clay, or of 
grains of sand or pebbles. 

Animals living in the sea or lakes^ when they die, 
fall to the bottom, and their remains become buried in 
the sediments which are forming. In some parts of the 
ocean, far away from the land, the only accimiulations at 
the bottom consist of the hard parts of marine animals 
large and small. This also applies to the neighbourhood 
of coral reefs, where there is nothing but animal struc- 
tures for the breakers to destroy. 

From what has already been stated of the characters 
of stratified rocks, we naturally come to the conclusion 
that they were formed by the various natural processes 
just emmierated. And, although these rocks now form 
dry land, and are occasionally incUned at all possible 
angles, and bent into all manner of curves, the convic- 
tion forces itself upon us, that wherever these rocks 
occur, there the se% or possibly a lake, must have ex- 
isted, and that the rocks themselves are nothing more 
than the accimiulations of waste material at the bottom 
of such sea or laka 

It will be observed what an important part water plays 
in the production of stratified rocks ; water to waste and 
destroy ; water to transport ; and water to spread out and 
accumulate. Hence, tike term aqueous^^ which is fre- 
quently applied to stratified rocks, is very expressive. 

A more detailed account of the formation of aqueous 
rocks will be given in another chapter. 

7. Snmmaiy of the Characters of Aqneons Bocks.— 
Aqueous rocks may be known by the Allowing charao- 
ters: — 

1. By their being arranged in regular beds or strata. 

2. By their consisting of finely-powdered matter, such 
as mud or clay ; or of waterwom particles or frugments^ 
such as sand or pebbles. 

3. By their often containing the remains of animals 

} Lai aquokf water. 
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or idiuiiii^ called fossils; or hj tJieir oonsistiDg almost 
entitelj of such remains. 

8. Description of the more common Aqueoas Bocks. — 
A desoriptioii of the more oommon aqueous rocks will 
now be given. Their characters must be studied from 
actual specimens. 

The m^jorily of aqueous rocks may be conveniently 
grouped imder five heads according as they are of a 
fragmentary, sandy, clayey, limy, or carbonaceous nature. 
There are a few which will not come under either of 
these heads, as ironstone, rock-salt, etc. 

1. FaAaMBNTARY RoCKS. 

9. GraveL— ^Accumulations of small fragments, mostly 
waterwom and mixed with sand. 

10. Shingle or Pebbles. — ^Hard waterwom fragments. 
The smoothness is due to their having had their sharp 
edges and angles worn o£^ by being roUed over and over 
in some stream or river, or by the advancing and 
retreating waves on a sea-beach. The process of pebble 
roimding may be watched^ either in shallow brookcf, or 
on a shingly beach. 

11. Conglomerate.^ — ^Also called puddingstona A rock 
coTudsting of pebbles cemented together, the cementing 
material filling the interstices and rd^dering the whole 
compact. 

G^e manner in which strata of loose fr-agments or 
partioles become consolidated into hard rock will be 
described in another chapter. 

12. Breccia.^ — ^A rock consisting of angular fragments 
consolidated into hard stone. 

2. ASEKACEOUS^ BOCES. 

13. Sand. — ^A good magnifying-glass shows sand to con- 
sist of minute rounded particles, miniature pebbles in 

^ Lat. glomerare, to gather into heaps. 
' Italian, a crumb or fragment. 
■ J^at. arena, sa^d. 
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faci Grains of sand are rounded in a similar way to 
that in which pebbles are formed, that is, by the rubbing 
of the grains one against another as tiiey are moved 
onwards in brooks, or pushed backwards and forwards 
by the waves on a sea-beacL Grains of sand consist 
almost entirely of the mineral quartz, which is one of 
the hardest of the rock-forming minerals. It is only 
moderately-hard particles which can form sand; soft^ 
particles are quickly ground into mud. 

14. Sandstone is simply sand cemented together, or 
otherwise consolidated into hard stona The waterwom 
grains may frequently be seen by examination with a 
magnifying-glass, especially if a weathered surface is 
examined. Sandstones often show a tendency to split 
up into slabs parallel to the stratification. Bocks wUch 
split up in this way are called flagstones, and are fre- 
quently used for paving-stones and other purposes. 

15. Gritstone. — ^This term is restricted to varietieB of 
sandstone in which the grains are large and somewhat 
angular. The more compact and durable kinds are used 
for millstones, grindstone£f, eta 

3. Abgillaceous^ Books. 

16. Mud is finely-powdered mineral matter, generally 
mixed with particles derived from vegetable and animal 
sources. It is the result of the waste of rocks by 
running water and other natural agents. Mud is the 
ultimate product of the action of ^ese agents on the 
softer rocks, and of ^their prolonged action on the harder 
(Hies. The particles being small, are carried in suspen- 
sion by running water, and deposited in spots where the 
water is quieter, as at the mouths of rivers. In this 
way accumulations of mud are formed, often unmixed 
with grosser partides. 

17. Clay resembles mud in the fineness of its par- 
ticles, but the particles adhere together, forming a tough 
material easily moulded by the fingers. Clay consists 

^ Lat. argUla, clay. 
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essentially of a substance, the ehemical naiiie of which 
is silicate of alumina. It may occur in a state of purity or 
be variously mixed with other substances. One import- 
ant fact about clay is, that it is impervious to water. If 
we have in any district a series of porous strata, such as 
sand or gravel beds, lying upon a bed of clay, the rain 
which soa^ into the ground will sink through the looser 
strata until it reaches the clay, and not being able to 
penetrate deeper will accumulate amongst the gravels. 

18. Shale is hardened mud or clay which splits lip into 
thin plates or laminsB parallel to the stratification. Such 
a rock i« said to be laminated. 

19. Clay Slate. — Ordinary roofing slate is an example 
of this rock. It consists of clay which has been hardened 
and otherwise changed. It has a distinct cleavage, gene- 
rally so perfect that it readily splits into thin plates. 

^e deavage is independent of the stratification. It 
is rarely parallel to the bedding, generally crossing the 
strata at all angles. If a piece of slate be examined, it 
will be found possible to continue the division until very 
ihin scales are obtained. This peculiar structure is 
known as slaty cleavage. It will be more fully considered 
in another chapter. 

20. Loam is a soft mixture of sand and day. The pre- 
sence of l^e sand renders it permeable to water. 

4. Calcabeous^ Rooks. 

21. This group includes limestones, chalk, and other 
rocks consisting wholly or mainly of carbonate of lime. 
When the purer kinds are burnt in a kiln, a gas called 
carbonic anhydride^ is given o£l^ and quicklime remains. 
Oarbonic anhydride is also evolved when a fragment of 
limestone or rock containing even a small amount of 
calcareous matter is treated with an acid. The escape of 
gas gives rise to efiervescence. Small fragments of the 
various calcareous rocks should be obtained and treated 

^ Lat. calx, ealcis, lime. 

* Commonly called carbonic acid. 
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with hydrocMoric acid. All local specimens which are at 
all doubtful should be put to this test. Pure carbonate 
of lime is wholly dissolved by hydrochloric acid. 

22. Limestones. — ^These are consolidated rocks, of which 
there are many varieties. Fossils are usually abundant 
in them ; and some are visibly made up of fossil shells 
and other hard parts of animala limestones frequently 
form good building stones. Portland and Bath stone 
are well-known examples. 

23. Chalk is a soft and very pure variety of limestone. 

24. Oolite^ or Boe Stone is a limestone miade up of small 
round grains, which gives it a structure resemUing the 
roe of a fish. Pisolite or peagrit has a similar structure 
to oolite, but the grains are flat and as large as pea& 

25. Magnesian Limestone is a rock consisting of car- 
bonate of magnesia, as well as carbonate of lime. 

26. Dolomite^ is a variety of magnesian limestone more 
or less crystalline. The crystals are small and compact. 
Dolomite often forms a good and durable building stone. 
It was selected by a Boyal Commission as the material 
for the erection of th^ present Houses of Parliament, 
The expectations of the Commissioners with regard to 
its durability have, however, scarcely been realised. 
The Piccadilly front of the Royal School of Mines is 
also constructed of dolomite. In this case the material 
was carefully selected, and stands well. 

27. Marl is calcareous clay. It breaks up into small 
square-like masses when diy. 

28. Gypsum may be included in this group, seeing that 
it contains lima It does not^ however, effervesce with 
an acid, for it consists of sulphate and not carbonate of 
lime. Alabaster is a finely crystalline variety of gypsum. 

5. Carbonaceous Eocks. 

29. Goal is a rock consisting almost entirely of carbon. 

* Or. oon, e^ ; lUhos, stone. 

* From Dokmimt a distiiigaished mineralogist. 
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It is vegetable matter which has undergone considerable 
physical and chemical changes. The facts which lead to 
this conclusion will be given when the origin of coal 
comes to be considered. The numerous varieties of coal 
may be grouped under the heads of Lignite, Bituminous 
Coal, and Anthracite. 

30. Lignite, or Brown Coal, is a carbonaceous rock, 
generally of a dark colour, sometimes quite black. It 
is usually softer and more brittle than ordinary coal, and 
frequency the structure of the plants from which it was 
derived is plainly seen. 

31. Bitmninons, or Common House Coal. — ^Tho coloui*, 
lustce, fracture, and other characters of this rock are well 
known. There are many varieties, the principal of which 
are : — 1. Caking Goal, which becomes pasty when burnt, 
so that the particles cake or stick together. 2. Splint 
or I[a/rd Goal, which is difficult to break, and does not 
easily take fire ; it is, however, a useful variety, especially 
as a steam or furnace coaL 3. Gherry or Soft Goal, a 
free burning coal which leaves but littie ash. It has a 
resinous lustre and shaly fracture, and is easily broken 
and ignited. 4. Gamnel Goal varies much in appearance. 
It does not soil the fingers like other coals. It bums 
with a bright clear flame like a candle, and is a valuable 
coal for gas-making. 

32. Anthracite is more compact and dense than ordinary 
coaL. It has generally a shining and sometimes semi- 
metallic lustre, and.does not soil the fingers. Anthracite 
bums without smoke or flame, and gives out an in- 
tense heat. About 90 per cent, of this rock is carbon, 
and 3 per cent, hydrogen, the remaining 7 per cent, 
consisting of oxygen, nitrogen, and earthy substances. 
Ordinary coal contains less carbon and more hydrogen 
than anthracite. 



33. Metamorphic Rocks. — Stratified rocks occur here 
^^nd there which have undergone change of structure since 
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they were depoaited. Their stratified cbaracter leaves 
no doubt of their sedimentary origin, but frequently 
all other traces of aqueous a^ncy are obliterated, and 
they become more or less crystalline, Bocks of this 
nature are called meta/morphic?^ The most important 
are: — 

34. Quartz Bock, or Qnartzite. — ^A compact and granu- 
lar rock, consisting of nearly pure quartz. The grains are 
distinctly rounded, but are agglutinated together as if by 
partial fusion. The evidence appears conclusive that the 
rock is an altered sandstone. 

35. Mica Schist.' — ^Arock consisting of alternate laminss 
of mica and quartz. The original texture of the rc^k is 
quite obliterated. It readily splits into thin lamiuBe or 
scales of different mineral matter. Such mode of division 
is called /o^iQ^ion,^ and rocks which so divide are called 
foliated or schistose. 

36. Gneiss consists of the same minerals of which 
granite is composed, viz. quartz, felspar, and mica. The 
crystals are not, however, confusedly mixed as they are in 
granite, but lie more or less parallel to each other, giving 
the rock a somewhat laminated or schistose structura 




Fig. 2.— IVacment of snetst, natural ilie ; section made at right anglti 
to the planei of foliation. 

Gneiss varies very much in appearance. Sometimes tho 
laminso are very distinct, and preserve their parallelism 

^ Gr. meta, change ; morphe, fprm* 
' Gr schisma, a splitting. 
■ Lat. folium, <^ leaf. 
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for great difirtances. In other cases the laminse are bent 
and folded, many folds occurring in the -space of a few 
inches. Occasionallj all traces of lamination are absent^ 
and a hand specimen cannot'be distinguished from granite. 
In this case the rock can only be identified by observing 
it in situ?- Even then it is sometimes difficult to decide 
whether it should be regarded as gneiss, or considered to 
be granite; there being every gradation between the 
typical kiuds of the two rocks. 

37. Granite has already been described, and will be re- 
ferred to again in another place. Becent observations 
seem to show that many granites are highly metamor- 
phosed sedimentary rocks, which have, in fact^ passed 
a stage beyond the condition of gneiss, and have lost all 
traces of tiieir original lamination and stratification. 

38. Crystalline Limestone.— This rock, of which ordi- 
nary white marble is an example, has a &iely crystalliue 
structure, and takes a fine polish. It may be white, 
with a imiform texture, as statuary marble, or be 
variously coloured and veined, when it constitutes many 
of the marbles used for ornamental purposes. 

39. Serpentine. — ^A compact amorphous ^ rock, con- 
sisting chiefiy of silicate of magnesia. Its colour is 
generally ^een, and sometimes it is variegated so as to 
resemble the markings on the skin of a serpent. It 
generally occurs associated with altered limestone. 



CHAPTER HL 

Igneous Rockb. 

40. Igneous Bocks. — ^All rocks which do not come 
under i£e definition of aqueous or metamorphic, show 

^ Lat. in its natural situation or place. 
* Gr. Of without ; morphe, form ; destitute of ciystalline stmo* 
tore. 
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signs of having once been in a state of fusion, and for 
this reason they are called iffneotia^ rocks. Thejh&Ye 
usually a crystalline structure, and generally occur in 
irregular masses, destitute of stratification. 

41. Volcanic Rocks. — ^The lavas and ashes ejected by 
volcanoes are good examples of igneous rocks. These 
are distinguished as volcanic rocks. They present many 
appearances due to the fusion and subsequent cooling 
which they have undergone. Some are quite glassy in 
appearance, others have a wavy structure, like the slag 
which flows from iron furnaces, while many are full of 
cavities like a cinder. Pumice is an example of the 
latter. The vesicular ^ structure is caused by the pre- 
sence of gases and watery vapour in the molten lava, 
and which, by their expanding and efforts to escape, blow 
out the pasty mass into bubbles, forming nimierous small 
cavities or vesicles. A similar structure is seen in bread, 
the spongy texture being due to the generation of car- 
bonic anhydride by the fermenting action of the yeast. 
Stratified rocks never have a vesicijJar structure. 

Lavas are frequently crystalline in structure; the 
crystals having formed as the rock slowly cooled. 

42. Other Igneous Rocks. — Besides the products of 
modem volcanoes, other rocks are abundant in some 
districts, which show unmistakable signs of having once 
been in a state of fusion. Such rocks are plentiful in 
Scotland, Cumberland, Wales, and other parts of Great 
Britain. Many of these were ancient lava streams and 
beds of ashes, formerly covered up and preserved, but 
since exposed. Others were masses of fused rock, forced 
up from below, but which never reached the surface. 
Basalt, greenstone, and granite ai-e examples. These, 
and many others of similar origin, are grouped along with 
volcanic products under the head of igneous rocks. 

43. Interstratified Lavas and Ashes. — ^Ancient lavas 
often occur interstratified with aqueous rocks — ^that is 

^ Lat. ignis, fire. * Lat. vesicula, a little bladder. 
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to say, we often find a stratum of what was once molten 
lava with true aqueous strata above and below it. 
If we examine the strata in actual contact with the 
igneous rock above and below, we find ia all cases that 
the stratum upon which it rests has been altered as if by 
intense heat^ while the stratum which covers it is in 
some cases similarly changed, but in others quite un- 
altered. 

When the stratum above the igneous rock is unaltered, 
we infer that the lava was the product of a submarine 
volcano ; the lava being poured out over the bottom of 
the sea, and afterwards, when cool, buried by subsequent 
deposits. A lava bed of this kind is said to be corUem- 
porcmeous — ^that is to say, its age is represented by the 
interval between the strata below and above it. A good 
example of ancient contemporaneous lava is the " toad- 
stone" associated with the limestone strata of Derby- 
shire. 

Beds of volcanic ashes are not unfrequently found inter- 
bedded with aqueous rocks. They must have accumu- 
lated at the bottom of the sea, being derived either from 
submarine volcanoes, or from volcanoes on neighbounng 
coasts. Aqueous strata being afterwards deposited upon 
these beds, they become interstratified as we find them. 

44. Intrusive Igneous Rocks. — ligneous rocks com- 
monly cut more or less vertically through sedimentary 
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Fig. 8.— Intrusive igneous roduu 

a Intentratifled. h Dyke. e Veins. 

strata, as if they had originated deep in the earth, and 

had been forced upwards in a liquid state, filling, and 

consolidating in, any spaces, such as fractures, whidbi may 
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exist. They axe then said to be intrusive. The more 
vertical sheets, when exposed to view, are often wall- 
like in appearance, and are called dykes,^ Igneous 
rocks often form branching veins, penetrating strata in 
all directions. 

When it happens, in the case of an interstratified igneous 
rock, that the strata both below and (ibam it are dtered, 
then the igneous rock must have been forced in a molten 
state between the two strata ; or, in other words, the lava 
is intrusive^ and not contemporaneous. 




Fig. 4.— Intrusive sheets of doleilte, Edinbnrs^ 
a Dolerite. h Strata of sandstones and shalet. 

45. Two Kinds of Intrusive Rocks. — ^Intrusive igneous 
rocks are of two kinds — volccmic and granitic. The 
former resemble in composition and structure the lavas 
of recent volcanoes; but having consolidated without 
reachiog the surface, they are usually denser and more 
compact in structure than modem lavas. They are fre- 
quently termed trap^ rocks to distinguish them from 
recent volcanic products. Granitic rocks are such as 
resemble granite. They are completely crystalline, and 
seem to have consolidated very slowly, and under great 
pressure. They are never vesicular, nor are they ever 

^ Scot, a wall or fence. 

' Swed. trappa, a stair, from the step-like appearance which 
these rocks frequently give to the hills where they occur. 
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associated with ashes and fragments, such as aocompany 
lavas. 

The oocnrrence of intrusiye rocks is generally associated 
with a disturbed condition of the adjacent* strata ; that 
is, the beds are bent, folded, broken, or otherwise thrown 
out of their original position. Also, where contact takes 
place between aqueous and igneous rocks, the former 
seem to have undergone considerable change ; they have 
become baked, as it were, and in some cases have suf- 
fered partial fusion, thereby becoming hard and crystal- 
lina They have been, to use the technical term, meta- 
morphosed. 

46. Snmmaiy of the Chvracters of Igneous Rocks. — 
Igneous rocks may be known by the following char- 
acters:-;— 

1. By their occurriog in irregular masses, penetrating 

stratified rocks as dykes, veins, eta 

2. By their often having a glassy and wavy structure, 

like slags from metol furnaces. Many lavas have 
this structure. 

3. By their often being full of cavities (vesicular), as 

in the case of pumice. 

4. By their having crystals scattered through them, 

or by their being completely crystalHne. 

47. Description of the more Common Igneous Bocks. — 
It will now be necessary for the student to study the 
characters of the more important igneous rocks. The 
descriptions which are here given must bo carefully fol- 
lowed with specimens at hand. 

1. Volcanic Rocks. 
4& Volcanic Ashes. — ^The boiling up of molten lava in 
the crater of a volcano gives rise to large quantities of 
dust and fragments, which are called volcanic ashes, 
scoriae, or tuk The ashes consist principally of the- 
broken films of innumerable bubbles, which are formed 
by the rapid escape of gas from the liquid lava. The 
ashes are carried upwards by the current of vapours 
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and gases, and at lengih fall around the crater. The 
lighter portions may be carried many miles by the wind. 
Volcanic mountains consist mainly of accumulations of 
fragments and ashes, which have been ejected by the 
volcanoes themselve£fy bound together and strengthened 
by consolidated lava streams. 

Yolcanic ashes may remain in a loose, pulverulent con- 
dition, or. become consolidated into stone, either by mere 
pressure of further accumulations, or by being mixed with 
water, which converts the ashes into mud ; and this often 
sets, on drying, like mortar or cement In the excava- 
tions made at Pompeii and Herculaneum, a soft kind 
of stone has to be cut through, consisting of the con- 
solidated ashes which overwhelmed these unfortunate 
cities. The volcanic ash which fell upon Henn^aneum 
was mixed with water, which has rendered it much 
harder than that which is met with at Pompeii 

49. Trachyte is a lava consisting principally of the 
mineral felspar. It i& usually light coloured, and feels 
rough and prickly to the finger. There are many 
varieties. Trachyte is generally abundant in vol- 
canic districts, but is one of the rarest of British 
rocks. 

50. Obsidian, or Volcanic Glass, is a variety of trachyte, 
which has the appearance of coarse bottle-glass. It is, 
in fact, a natural glass, having a similar composition 
to that produced in a glass furnace. 

61. Pumice is a light and porous variety of trachyte. 
It is really the froth of lava. The origin of the vesi- 
cular structure which pumice has, in common with some 
other lavas, has already been described (41). 

52. Dolerite. — ^A lava consisting of felspar, together 
with a large proportion of the mineral called augite. 
This mineral has a black or greenish-black colour, and 
occurs in dolerite either as distinct crystals, or as angu- 
lar and roundish grains. Dolerite is always heavier, and 
generally of a darker colour, than trachyte. 

53. Basalt is a hard, compact, and dark-coloured 
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rock, with a conchoidal ^ fracture. It is similar in com- 
position to dolerite, but differs from it in being amor- 
phous. 

Basalt often occurs in columns, more or less hexagonal 
in section. The columnar structure of the basaltic rocks 
of the Giant's Ca\lsc way and Fingal's Cave are well known. 




Pig. 5.-Fingal's Cave. 

This columnar structure is assumed by the lava in passing 
slowly from the liquid to the solid state. Starch assumes 
a similai' form on drying. If the flakes of starch, as 

^ Gr. konche, shell ; eidos, form ; with concaye and convex sur- 
faces^ like sheila. 
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usually sold, are examined, they will be found to be rudely 
hexagonal in shape. 

54. Greenstone, or Diorite, is a compact rock, like 
basalt, but is distinctly crystalline. The prevailing 
mineral is homblendey which resembles augite in colour 
and composition. The rest of the rock is made up of 
felspar,, which is easily distinguished from the horn- 
blende. 

2. Granitic Books. 

55. Granite frequently occurs as a true igneous rock, 
penetrating strata, and sending branching veins in all 
directions. Its mineral constitution has already been 
described (4.) Granite is easily distinguished from other 
rocks by its mottled appearance, and the ease with which 
its different crystals can be recognised. The crystals 
of felspar are sometimes large and conspicuous, when the 
rock is called porphyrUic^ granite. Much of the Dart- 
moor granite is of this character. 

The word porphyry (originally applied to an igneous 
rock of deep red colour) is employed to denote any rock 
which contains conspicuous crystals differing from the 
mineral matter in which they are embedded. 

Granite and granitic rocks occur abundantly in some 
parts of the British islands. They constitute the larger 
portion of the Grampians in Scotland, and the moun- 
tains of Cumberland, Devon, and ComwalL They occur 
in the Wicklow mountains in Ireland, and show them- 
selves in smaller bosses and veins in several other places. 

56. Syenite^ is a kind of granite, consisting essen- 
tially of the minerals quartz, felspar, and hornblende. 
The felspar is generally red, and the hornblende of a 
dark-green colour. 

57. Snmmaiy. — ^In the three preceding chapters, a 
general account has been given of the structure of theearth, 

^ Gr. porphyreos, purple. 

» From SyeniC, a city in Upper ?gypt, where this rock occurs. 
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and ihe nature and constitution of the rocks which form 
its crusi These rocks, we have seen, may be grouped into 
two great classes — aqueous and igneous — according as 
their origin chiefly resulted from the agency of water 
or heal Sandstone, limestone, and shale are good ex- 
amples of aqueous rocks; and basalt, greenstone, and 
pimiLce, of igneous rocks. Metamorphic rocks form a 
subclass of aqueous rocks; gneiss and crystalline lime- 
stone are examples. 

We shall now devote a few chapters to a detailed 
account of the agencies concerned in the formation of 
aqueous rocka 



CHAPTER IV. 

Classipioation of Aqueous Rooks according to Mode op 
, Origin— DisiNTEGEATiNQ Agents— Chemical Disinte- 
gration. 

58. Aqueoas Bocks may be grouped into three classes 
according to their mode of origin, viz. — (1.) MechamcaUy 

formed rocks, those formed by purely mechanical means 
from the ruins of previously existing rocks, such as conglo- 
merate, sand, sandstone, clay, and shale ; (2.) Organically 
/ormed rocks, those consisting of accumulations of vege- 
table or animal remains, such as peat, coal, and many 
limestones ; (3.) CItemicaUy formed rocks, those produced 
by chemical means ; gypsum, rock-salt, and some lime- 
stones belong to this class. 

59. Agents concerned in producing Aqueoas Bocks.-r- 
When a large building is in course of erection, the' stone 
and other material with which it is constructed have 
usually to be obtained from a distance ; thus employment 
is given to three classes of labourers — one to quarry and 
shape, another to convey to the required spot, and the 
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third to build. Three similar classes of agents operate ia 
natiire, in the formation of all sedimentary rocks. We 
have agents of waste, which, by their action on the land, 
loosen particles and fragments, and so shape them that 
they are easily carried away by moving water or air; 
agents of Pransportationy which remove these materials, 
and carry them to lakes or the sea ; and, finally, we have 
the agefrds of reconstruction, concerned in iie sifting, 
spreading out, and consoUdatiDg of the transported mate- 
rial 

60. Disintegrating Agents. — ^The natural agents by 
which the land is gradually worn away are called dism- 
tegrating^ agevits. They are also known as erosive^ agents. 
Their operations on the land tend to lower its surface, 
little by little. They also, by strippiug off the upper 
rocks, expose those beneatL Hence fiiey are called 
degrading^ or denuding^ agents. 

The land suffers waste both upon its surface and at its 
edge. The disintegrating agents acting on the surface 
are called almmsph^ri/i ; those acting on the edge, mourine. 

The following is an enumeration of the principal agents 
of erosion : — 

I. Atmospheric — (a) Chemical, — ^Water and carbonic 
acid j (6) Mechanical,---^iLOvr, frost, glaciers, rain, running 
water in the various forms of springs, brooks, rivers, - 
waterfalls, floods, <fec. 

II. Mabine — Sea-breakers, tides, marine currents. 

Chemical Disintegration. 

61. Splvent Power of Water. — ^When raia falls on the 
land, part of it evaporates and returns to the clouds; 
another portion percolates through the soil, to reappear 
as springs ; while a large portion, especially in hilly dis- 
tricts, flows over the surface, and at length unites with 

^ Lat. diSj asunder ; integer, whole. 

• Lat. erosuSf gnawed or worn away. 

• Lat. dsy down ; gradus, a stage. 

• Lat. mtdus, naked. 
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the supply from springs, gi^^iiig ^se to the iunumerable 
brooks and rivers. Water, in flowing over the surface of 
rocks, or in percolating through them, dissolves whatever 
is solubla Some rocks contain a considerable amount of 
soluble matter, and the water which flows from them is 
often highly charged with mineral matter. This is the 
origin of the various mineral springs. 

Common salt, gypsum, and a few other constituents of 
rocks, are dissolved by water alone ; but when water con- 
tains certain substances in solution, many constituents of 
rocks are acted on and dissolved which are altogether 
insoluble in pure water. 

62. Carbonic Acid. — ^It has already been stated that 
this gas is liberated when a fragment of limestone is 
treated with an acid (21). It is always present in small 
quantities in the air, and is being continually generated 
in the soil by the decomposition of vegetable and animal 
matter. It is soluble to some extent in water, and rain 
water absorbs it in falling through the air and soaking 
through the soil. The consequence is, that all natural 
waters contain more or less of this gas in solution. 

Carbonate of lime is insoluble in pure water ; but when 
water contains carbonic acid in solution^ the latter con- 
verts the carbonate of lime into bicarbonate, which is 
soluble. This chemical principle operates in nature on a 
large scale, and all exposed limestone rocks are being 
slowly dissolved by the rain water which flows over them. 
Water, entering the crevices and joints, dissolves away 
the sides and widens them. In many limestone districts, 
the continual widening of what were formerly mere joints 
has led to the formation of caverns, some of which ramify 
through the rocks to great distances, and in many cases 
streams stiU flow through them, and continue, though 
imperceptibly, to enlarge them. 

The water of springs and streams is generally hard, 
particularly in limestone districts. The hardness may be 
due either to the presence of bicarbonate of lime, or to 
that of sulphate of lime. In the former case, the hard- 
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ness is tempora/ryy for on boiling the water, the excess of 
carbonic acid is driven o% and the lime is precipitated 
as carbonate. In the latter case, the hardness is per- 
momemJb, because the sulphate of lime is not rendered 
insoluble by boiling the water. 

The disintegrating action of carbonic acid is not con- 
fined to piu*e limestones. All rocks containing calcareous 
matter are attacked by it, and when, as it sometimes 
happens, a rock consists of particles cemented together 
by carbonate of lime, the solution of the cementing 
material liberates the particles, and the rock undeigoes 
rapid waste. 

Many of the crystalline rocks, and granite among them, 
are attacked by carbonic acid. In the case of granite, it 
is the felspar which is acted on. This substance consists 
of silicate of alumina and silicate of potash (or soda). 
Carbonic acid in the presence of water decomposes the 
silicate of potash, forming carbonate of potash, which is 
dissolved and carried away by the water. It is easy to 
understand that any one constituent of granite being 
thus decomposed, the other constituents will be freed, 
and will be readily removed by running water. Q"^ 



CHAPTER V. 

Mechanical Disintegbation— Joe— Landslips— 
Running Wateb. 

.63. Frost. — ^The expansion which water undergoes in 
becoming ice has a powerful effect in the disintegration 
of rocks. When water which has entered into the joints 
and between the particles of rocks becomes frozen in 
winter, the blocks and particles are forced apart The 
displacement is not evident while the frost lasts, for the 
ice acts as a cement, binding the particles together ; but 
when the thaw comes, the loosened pieces and particles 
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of rock fall asunder, and ihus great waste is effected 
whenever frost occurs. 

The disintegration of rocks due to the action of rain, 
carbonic acid, and frost, is often spoken of as the weather- 
ing of rocks. 

64. Snow often gives rise to the destruction of rocks, 
although it acts protectively on the land as long as it 
remains stationary and unmelted. In mountainous dis- 
tricts, accumulations of snow, from one cause or other, 
are apt to get loosened, and slide down the mountain 
side, sweeping before them all loose and easily detached 
rocks. The fbarful avalanches common in the Alps are 
familiar examples. 

It sometimes happens that, when warm weather sets 
in rather suddenly, the snow accumulated on hilly ground 
is rapidly melted, and the brooks and rivers are supplied 
with more water than will fill their channels, thus giving 
rise to large and destructive floods. 

65« Glaciers are extensive masses of ice which creep 
down the valleys of mountain ranges whose peaks rise 
above the limit of perpetual snow. In the Alps, the 
glaciers are often ten or twenty miles in length, and a 
mile in breadth. They occiu' on a much larger scale in 
the BUmalayas, the mountains of New Zealand, and 
other places ; while in polar regions, as in Greenland, the 
whole ground is covered wi^ one vast sheet of ice 
sliding imperceptibly towards the sea. 

Glaciers are part of the natural system of drainage, 
only they drain solid, instead of liquid water. They are 
rivers of ice, and are supplied by the snow which is ever 
collecting on the mountain tops. Glaciers originate in 
this way : — ^The snow which accumulates in the valleys 
near the snow-line is subject to an alternation* of partial 
melting and refreezing, which converts it into a mass of 
small icy particles called inJev^. The deeper portions of 
the Ti^e, from the pressiu^e of the layers above, become 
converted into ice. This ice forms the glacier, which 
moves slowly down the mountain sides, occupying valleys 

c 
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which it has helped to form, and which it continues to 
scoop deeper. Sometimes two or more glaciers unite to 
form one trunk, just as the tributaries of a river unite 
to form the main stream. 

66. Motion of Glaciers. — Glaciers descend partly on^ 
account of their own weight, and partly from the pres- 
sure of the mass of snow and ice resting upon ^em 
above. The rate of progress of a glacier depends on the 
inclination of its bed, and on its own mass. The rate 
is never very great. Some points on the M&r de Glace, 
a glacier of the Alps, have been observed to creep as 
much as 30 inches a day in summer; but generally, 




Fig. 6.— The G^bmer Glacier, Alps, with crevasses, moraines, and snowy 
heights in the distance. 

glaciers do not move faster than 10 or 12 inches a day, 
or a mile in about twenty years. 

The middle of a glacier moves filter than its sides^ 
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and the surface more quickly than the bottom; and 
where its course is curved, the line 6f most rapid move- 
ment is nearer the- outside than the inside of the curve. 
In all these respects the motion of a glacier resembles 
"^^ that of a river. It also, like a stream of water, accom- 
modates itself to the size of its bed, which varies in width 
and depth in various parts, behaving as if it were a 
viscid liquid. It does not, however, fiow like a liquid. 
It leau'^ only alter its shape by undergoing innimierable 
fractures ; but the separated surfaces, when pressed to- 
gether, quickly reunite, and the ice becomes continuous 
again. This peculiar property of ice is called regelation ;^ 
it may be studied by experimenting with ordinary ice. If 
two pieces of ice are pressed together for a short time, 
they become frozen into one mass. 

^e irregular motion of glaciers gives rise to deep 
cracks and fissures called crevasses, which frequently ex- 
tend from one side of the glacier to the other. Old 
crevasses are constantly closing up, while new ones form, 
and these, cuttrng the old ones across, cause the very un- 
even surface which glaciers usually have. 

The sur£Buses of glaciers are always subject to thaw, 
especially in summer, when numerous streams of water 
flow over them, most of which are received into the 
crevasses, and And a channel underneath the ice. Gilie 
lower portion of the glacier having descended into the 
warmer air, necessarily melts faster than the upper por- 
tion; and it gradually contracts in size, imtil it ter- 
minates, often with a precipitous front, at a point where 
the melting of the ice keeps pace with the advance of 
the glacier. 

67. Transport of Matter by Glaciers. — ^The rocks above 
the origin of a glacier, and about its sides, are often 
steep and imcovered with snow; they are, therefore, 
subject to all the disintegratrog influences of the atmo- 
sphere. Fragments of rock, large and small, become 
loosened from the exposed surfaces, and rolling down to 
* Lat re, again ; gdare, to freeze. 
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the margins of the glacier, axe carried down by it, form- 
ing long continuous lines of blocks and fragments along 
its sides. 

The accumulations of rocky matter at the sides of 
glaciers are called lateral 
moramea. In cases where 
two glaciers unite, the union 
of the lateral moraines at the 
adjacent sides of the two 
glaciers gives rise to a mound 
of fragments extending down 
the middle of the main gla- 
cier, forming what is called a 
medial vrioTaine, 

At the termination of a 
glacier, all the larger moraine 
masses are broughtto a stand- 
still, the stream of water 
into which the glacier re- 
solves itself being unable to 
continue the transportation 
of an3rthing but the smallest 
fragments and mud. There is thus formed at the end 
of the glacier a confused heap of blocks and fragments 
of stone of all sizes and shapes. Such accumulations 
are called terminal moraines. They are still the prey of 
disintegrating agents, by which they are gradually eroded 
and carried away. 

68. Erosion of Bocks over which Glaciers flow. — ^It is 
easy to conceive that the motion of a large mass of ice 
like that of a glacier must exert great erosive effect on 
the rocks over which it moves. Moving ice, imlike 
water, does not readily divide on meeting an obstacle, 
but tends to push it onwards. By this means all loose 
stones in the bed of the glacier are torn up, projecting 
edges and angles planed off, and the whole bed ground 
into a smooth undulating surface. 
The small particles worn from the floor of the glacier. 



Fig. 7.— Diagram showing the for- 
mation of a medial moraine (m). 
{ Lateral moraines. 
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and also those wUoIi axe carried into the crevasses bjr 
streams of water, being imprisoned between the ice and 
the rocky bed, act like so much emery powder, and the 
bed becomes not only smooth but polished. The general 
smoothness of the polished floor is, however, interfered 
•with by the numerous angular fragments of rock which 
fall through the crevasses from the surface of the glacier. 
These being rubbed along, with all the weight of the ice 
above them, scratch and groove the bed in the direction 
in which they are moving ; the stones themselves becom- 
ing scratched and furrowed by the same operation. 

69. Signs left by Glaciers which, have disappeared. — 
Many of the Swiss glaciers are known to have diminished 
in size within the memory of man, and some which once 
occupied valleys in the Alps, and elsewhere, have quite 
disappeared, and their original position can only be 
inferred from the marks they have left behind. These 
consist of wavy and polished beds, with longitudinal 
striations and furrows ; also of moraine heaps, containing 
many scratched and furrowed stones. The rounded humps 
of rock occurring in the beds of ancient glaciers have a 
fanciful resemblance to the backs of a flock of sheep, and 




Fig. 8.<>F!rftgment of rock striated hj a glader. 

are called roches moiUonnees,^ These have often huge 
blocks of stone perched on the top, which have been left 
there as the glacier gradually declined in size. It is 
* Fr. rochCf a rock ; moutannS, sheep-like. 
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interesting to know that many of the mountain valleys 
of our own islands present similar marks, giving evidence 
that these valleys were formerly occupied by glaciers. 

70. Icebergs. — ^As we approach the polar regions, the 
snow-linQ descends lower and lower, and at length reaches 
the sea-level. In these regions, glaciers are only termi- 
nated by finding their way into the sea. If the coast is 
high and steep, iihe descending glaciers project over the 
edge of the cliffs, when the ice, being unsupported, breaks 
away in pieces and falls into the sea below. More fre- 
quently the glaciers descend to the sea down gentle 
slopes ; and the ice, as it is pushed forward into the sea, 
being lighter than water, is buoyed up and tends to float. 
The consequence is, that large masses are broken off and 
float away as icebergs. 

Icebergs, before they are completely melted, may be 
drifted by the winds and currents to great distances, even 
thousands of miles from^ where they were formed. Being 
parts of the original glacial ice, they carry, with them 
masses of rock of all sizes, together with much finer 
detritus,^ all of which, by the melting of the ice, is distri- 
buted over the searbottom, mingling with the deposits 
already forming there. ^ 

71. Landslips. — ^It oFten happens in hilly districts, and 
on the sea-shore, that large masses of strata^ sometimes 
many acres in extent, slip bodily forward from higher to 
lower levels, carrying with them trees, fields, houses, or 
whatever may be upon the land. Giliese are landsUpe. 
In nearly all cases liey are brought about by the action - 
of rain-water, which, soaking into the ground, and at 
length iu3cumulating upon a bed of clay, or some such 
stratum, loosens the cohesion between it and the upper 
beds, when, if the strata are favourably placed, it may 
happen that the upper layers will slide over the slippery 
clay in the direction in which the strata are inclined, and 
thus become a landslip. 

l^j means of landslips, masses of rock are brought into 
1 Lat de, down; tritus, rubbed or worn. 
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positions favourable for diaintegration : rocks from hill 
sides are brought within the acti6n of the streams of the 
valleys ; and those from sea-cliflfe are delivered over to 
the mercy of the waves. 

» 72. Bumiing Water. — ^Rain-water which flows over the 
surface, sweeps before it particles of mineral matter which 
have been loosened by the action of the weather, thus 
scouring the rocks and leaving their surfaces clean for 
the renewed action of the agents of waste. 

Running water impinging on obstacles tends to move 
them onwards; and when the velocity is great, as in 
mountain torrents, stones are loosened and dislodged 
from the beds and sides of the streams. These stones 
are sooner or later moved onwards, and rubbing along 
on the bottom of the stream, they assist to wear it deeper. 
The stones themselves are also worn, and soon become 
pebbles, by the rubbing down of projecting edges and 
angles : in like manner the smaller particles, if hard enough, 
become sand (see 10, 13). The attrition is continued in. 
the brooks and small streams until the detritus is delivered 
to the^rivers, principally in the form of fine sand or mud. 
As the bed of the stream deepens, the sides become more 
exposed, and these crumbling away, the debris^ falls into 
*the stream, and is by it carried away. 

When it happens that a stream, after flowing over 
hard and compact strata, comes to a point where the 
rocks .are much softer, it wears away the softer rocks 
faster than the haider ones, and a waterfall is produced. 
Waterfalls slowly cut their way back, by undermining 
the harder rock, which, becoming unsupported, breaks 
away from the edge over which the water flows. The 
Falls of Niagara have by their recession cut a ravine 7 
miles long, 200 to 400 yards wide, and 200 to 300 feet 
deep. 

^ Fr. wreck or waste. 
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CHAPTER VL 

G£N£RAL Effects of Atmosphebio DBNUDATiOK—MARmE 
Denudation. 

73. Atmospheric, or Snbaerial Denudation. — ^It will be 
convenient now to consider the work of the atmospheric 
agents of waste in another light — ^namely, in that of their 
influence on the form of ground. The general tendency 
of these agents is to lower the level of the land, but 
unequally ; for rocks vary in composition and hardness, 
and some from their position are more liable to destruc- 
tion than others. 

74. Mountains and Hills consist pf the harder rocks, 
or such as are favourably placed to resist denudation. 
Their summits in many cases are not more elevated than 
the original level of the surrounding district, the valleys 
having been formed by the^ removal of the matter which 
once filled them. In some hills and mountains, denuda- 
tion has taken place all round them> while in olJier cases 
hills have been formed by the general lowering of a dis- 
trict on one side of an irregular line, leaving that on the 
other side at a greater elevation. On ascending such 
hills, we find ourselves on a new level, on a plateau, in 
fact^ with no declivity on the other side, as we may have 




Fig. 9. — Diagr&m allowing effects of denadation. 
a Eacaipment. b Outlier. 

expected. Hills of this kind are numerous. The Cots- 
wolds present a good example. The descent from the 
higher to the lower level is generally more or less pred- 
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pifcous, and is called an esca/rpmerU,^ and there are often 
in the neighbourhood of the escarpment isolated hills 
which have escaped denudation. Tliese are called out- 
liers. The position and succession of the strata in the 
outlier corresponding with that of the escarpment, proves 
conclusively that the interval between the two was once 
filled by the strata being continuous across, and gives at 
once an idea of the vaat amount of matter removed by 
denudation. 

75. Denudation of Carved Strata. — Strata are often 
more or less curved or folded, just/ like the curves and 
folds that are produced in a pile qf cloths when pushed 
together laterally. The curves with the convexity up- 
wards are called anticlinal,^ th< 
downwards, synclinal^ In distri( 
curved, we can readily trace the 
section Eig. 10 will help to 
present surface of the land. In: 
should find different strata co] 



^th the convexity 

where' the strata are 

'k of denudation. The 

plain. A B is the 

lassing from A to B, we 

g.to file surface, — ^first 



of all 1, dipping to the east, /then 2, and presently 



w 







Pig. Wkl 

8, dipping to the west. On Examination, 3 proves to 
be identical with 1, and as th^ dip towards each other, 
it is pretty certain they are jboVitinuous underground 



1 Fr. escarpeVf to cut steCp. \ 

• Gr. anti, on opposite Ri^es i\clino, 



I bend. 



Gr. syn, together 



\ 
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We now pass over 4, 5, 6, each of wldch dips below ihe 
preceding one, and all dip to the west After passing 
over 7, we come to 8, identical with 6, 9 with 5, and 10 
with 4. The corresponding beds in tiiis .case cannot be 
continnons underground, because they dip cmay from 
each other. The inference is plain ; these beds were once 
continuous aibove the present surface of the land, the 
upper portions having been removed by extensive at- 
mospheric or marine denudation, or both combined. 

76. River Valleys. — ^Rivers, in the upper part of their 
course, and frequently for their whole length, flow 
through valleys. It is probable that in nearly all cases 
the valleys owe their origin to the streams which now 
flow, and have flowed, through them. Rivers, imless 
very sluggish, continue to deepen their beds. The 
rapidity with which they do so depends on the velocity 
of the stream, and on the nature of the rocks forming 
their beds. 

The deeper a stream cuts its bed, the higher its 
banks tend to be ; but, at the same time, they become 
more £Eivourably placed for denudation. It sometimes 
happens that a river deepens its bed more rapidly than 
the rocks forming its sides are destroyed, when, instead 
of flowing through a valley, the river will flow through 
a ravine, with sides more or less precipitous. A good 
example of this is aflbrded .by the river Colorado and its 
tributaries, which flow for hundreds of miles through 
deep gorges called cafUms, 

More generally, however, the disiQtegration of the 
banks of a river goes on at a rapid rate, the detritus 
finding its way into the river, by which it is removed. 
This tends to form a sloping declivity on each side of 
the river, down which the eroded material from higher 
levels is easily swept. In this way a river of moderate 
size may in time form a broad valley. . There are other 
causes which may help to widen a river valley, such as 
the fi^uent overflowing of the river, or the occasional 
changing of its course. Moreover, rivers have a peculiar 
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tendency to "wind about, a great many convolutions 

sometimes occurring in the space of a mile 

ortwo. ^e tortuous course of a river results 

from the opei:ation of the natural law, that 

a mass of matter in motion tends to move 

in a straight line. The consequence is, 

that wherever there are any accidental 

curves in the course of a river, the current, 

tending to preserve a straight course, will 

be principally directed on the concave bank, 

and will 'continuaLLy cut this back, while 

deposits of gravel or other detritus will take 

place on the opposite side, where the motion 

is slower. The diagram Eig. 11 will assist Fig. ii. 

in Tng-Ving this clear. 

In many valleys, river gravels occur at various 
Heights above the present level of the river, which 
show it to have formerly flowed at a higher level than 
at present The gradual deepening of the valley, or 
decline in the size of the river, has in many cases 
given rise to step-like banks, or terraces on the sides of 
Sie valley. Gk)od examples occur in the valley of the 
Thames. 

77. Marine Denudation. — ^The sea-coasts are not only 
subject to the wasting influence of the ordinary atmo- 
spheric agents, but are rapidly eroded and destroyed by 
iiie movements of the sea, principally by the breakers, 
which are aided in their action by the tides. Sea- 
breakers are simply the wind-waves formed on the suiv 
fsuce of ithe sea, and which, on reaching the shallower 
water near the shore, are thrown more or less forcibly 
forward. During storms the waves acquire great force, 
and break with violence on the rocky shores. "No 
rock can permanently withstand the terrible battering 
of these breakers. Blocks of stone are loosened and 
dislodged from compact rocks; while the softer rocks, 
such as clay, sand, or gravel, are destroyed with surpris- 
ing rapidity. The power of the breakers to roll about 
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and remove huge blocks of stone is better understood 
when it is known that rock of average density has quite 
one-third of its weight counteracted by the buoyancy of 
the water. The loosened blocks are still subject to dis- 
integration, and are broken in time into fragments, which 
soon become pebbles by being constantly rolled to and 
fro by the advancing and retreating waves. During 
storms, pebbles, sand, and fragments of all kinds are 
driven against the clifi^, thus helping on the work of 
destruction. 

The rising and falling tide assists the action of the 
breakers by continually changing their level of action. 

Destructive as the sea-breakers are at the base of the 
cliff, the atmospheric agents are usually still more active 
at the upper parts ; in consequence of which, the majority 
of searclifi& slope backwards. Sometimes the faces of 
clifi^ are vertical, showing that the atmospheric erosion 
keeps pace with that of the sea. When, as it occasionally 
happens, the sea eats away the base of the cliff faster 
than the part above the searlevel is wasted, the cliff 
overhangs the sea, the unsupported blocks now and again 
falling away. 

Landslips, are common on some coasts, and by their 
aid large masses of strata are brought within the imme- 
diate action of the sea. 

78. The Rate at which Sea-cliffs are cut back depends 
on the nature of the rock, and position of the beds when 
stratified, as well as on the force of the breakers. 
Where the cliflfe consist of beds of sand, gravel, clay, or 
other soft strata, bs they do on some parts of the east 
coast of England, the sea advances at a very perceptible 
rate, amounting in many places to 2 or 3 feet per 
annum. The chalk cliffs in the east and south of Eng- 
land resist the action longer, but the progress of their 
destruction is still very evident. It is only where the 
rocks are compact and durable, such as the igneous and 
metamorphic rocks which form many of the promontories 
in our islands, that the encroachment of the sea is not 
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■0 obvious j but even with these^ destructioii i$ only a 
question of time. 

79. General Effects of Marine Denudation.— The 
yariou9 agents of waste, whether subaerial or marine, 
continue to act on the land as long as any portion of it 
is above the sea-level. The mode of action of marine 
agents contrasts strongly with that of atmospheric agents. 
While the latter deeply carve the surface into hills and 
valleys, and otherwise render it irregular, the former 
act as a huge scythe, mowing the rocks before it, and 
tending to produce great level plains. 




Fig. 12.— The Needles, Ide of Wight, ihotring effeoU of marine denudaUon. 

The origin of the main irregularities of the coast-line, 
such as bays and headlands, must be attributed to marine 
action. The headlands, consisting of more durable rock, 
have withstood the encroachment of the sea to a much 
greater extent than the softer rocks which filled the 
bays. A good example is offered by St Bride's Bay, 
where the north and south promontories are formed of 
hard igneous rock, while the coast between them consists 
of the softer coal-measure strata. 
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CHAPTER YIL 



Transpoetation op Eroded Material aotTDisteibution 
OVER THE Sea-bottom. 

80. Transport ofEroded Material by Rivers. — ^Moving 
water and moving ice are great agents of transportation 
as well as of erosion. - They destroy rocks, and, at the 
same time, carry the detritus away. Water is inferior 
to ice in its power to carry forward huge masses of rock ; 
but its transporting power increases enormously with its 
velocity, and with very high velocities, immense blocks 
of stone may be moved forward, which slower currents 
would be unable to disturb. The buoyancy of water on 
bodies immersed in it materially assists its power to 
transport heavy mineral matter. 

Brooks and rivers, with ordinary velocity, roll pebbles, 
gravel, sand, etc., along their bed, and carry mud, and 
sometimes fine sand, in suspension, the coarseness and 
amount of matter so carried increasing with the velocity 
of the stream. If a tumbler be filled with river-water, 
and allowed to stand for a short time, the suspended 
particles will be deposited, and will give some idea of the 
vast amount of matter carried to the sea by rivers. 

On boiling to dryness a flask full of river-water free 
from sediment, it will be found that a considerable solid 
residue is left, consisting of matter previously held in 
solution by the water. Bivers carry considerable 
quantities of mineral matter in solution, such as bicar- 
bonate and sulphate of lime, common salt, salts of 
magnesia, potash, etc. (61, 62). 

The amount of detritus transported by large rivers, 
such as the Mississippi, Nile, Ganges, and others, is 
enormous. The Ganges, for instance, discharges into 
the sea every year 6368 millions of cubic feet of solid 
matter. This, if deposited evenly on a square mile of 
^iirfece, would raise it 2^5 fee^ 
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81. Deposition of Detritus in Quiet Water. — ^When a 
river loaded with suspended matter has its velocity- 
checked, as when flowing through a lake or over a flat 
district, its power to transport is lessened, and more or 
less of the suspended matter is deposited as sediment. 
The Rhine and Rhone each flow into' lakes (Constance 
and Geneva) as muddy rivers, fed by Alpine glaciers. 
In traversing the lake, all the suspended detritus is 
deposited, and the rivers leave the lakes as clear 
streams. 

Deposits made in lakes are called IcumatriTiey^ and 
lakes may, in time, become fllled up by these deposits. 

Rivers which overflow their baiiks deposit mud and 
gravel along their course, and these alluvial deposits, as 
the valley deepens, and as the river winds about, are 
cut into, giving rise to river terraces (76). 

Rivers deposit their sediment on reaching the sea. If 
the velocity of the current is small, and powerful tides 
are absent, this deposition wjill take place at the river's 
mouth, and wiU tend to choke it up. This action pro- 
duces, in time, great plains and marshy flats, through 
which the river makes its way by many channels. Such 
a formation is called a deUa. ThQ continual deposition 
of matter at the many mouths of the river increases the 
extent of the delta, and it gradually encroaches on the 
sea. He Rhine, Nile, Granges, and Mississippi present 
familiar examples of deltas. The area of the latter is 
about 12,300 square miles. 

Rivers in which the current is rapid, or which are 
subject to powerful tides, do not form deltas, the sus- 
pended material being carried out to sea by the force of 
the current, and there deposited, the heavier particles 
falling nearest the land, while the lighter portions are 
carried further out. When ocean currents sweep past the 
mouths of rivers, the lighter suspended particles may be 
carried to great distances before 'they Anally subside. 

The accumulations on searbeaches are usually shingle 

* ^jat. IcmiSj a lalce. 
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and sand ; farther out, sand only, the sand at length 
giving place to mud; while, in the open ocean, far 
away from land, dredging instruments bring up little 
more than the calcareous and siliceous remains of marine 
animals. Thus there are forming in the sea distinct 
beds of shingle, sand, mud, calcarec'ds matter, and 
various mixtures of these. Alterations in the form and 
elevation of land, direction and force of rivers and ocean 
currents, disturb the distribution of sediments, so that 
mud may in time be thrown down upon sand, sand upon 
pebbles, and pebbles and sand may form beds where 
calcareous deposits were before accumulating. These 
processes, continued for ages, give rise to great piles of 
beds, alternating in their mineral character ; and these, 
when hardened and elevated, form the rocks of the land, 
which, in their turn, are disintegrated and destroyed./^ 



CHAPTER YIIL 

Organically and Chemically Formed RocKa— Consoli- 
dation OF Strata. 

Organically Formed Bocks. 

82. Marine Limestones. — ^It has been explained in 
previous articles (62, 80) that all calcareous rocks form- 
ing part of the land are continually subject to the 
solvent action of water containing carbonic acid in solu- 
tion, the bicarbonate of lime resulting froin this action 
being received into the rivers, and by them delivered to 
the sea. 

' Notwithstanding the vast quantities of carbonate of 
lime which reach tiie sea, this substance can scarcely be 
detected in sea-water. This is not surprising when we 
think of the profusion and endless variety of animals 
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which live in the sea, and which require a large supply 
of carbonate of lime wherewith to form their shells, bones, 
and other hard parts. These animals abstract carbonate 
of lime from the searwater, and form their skeletons with 
it. When they die, their calcareous remains accumulate 
at the sea-bottom, forming beds of limestone, more or 
less pure, according to their freedom from the detritus of 
the land. These accumulations, going on for long ages, 
give rise to limestone beds of great thickness, such aH 
now form part of the land in many places. 




Fig. 18.~C^careon8 shells of foramxnifera (magnified). 

The animals which contribute the greater portion of 
the material to form marine limestones are very minute 
in size, and simple in structure, but are protected by 
elaborately-formed cases or shells, composed of carbonate 
of lime, which they secrete from the sea-water. These 
minute animals are called foraminy^era^ because the 
walls of their shells are perforated by many little tubes 
or passages. The fwcmdnif&ray although very minute, 
make up in numbers what they want in size. Some seas 
swarm with them, and considerable accumulations of 
their remains are taking place at the bottom of all such 
* Lat, foramina^ a passage ; fero^ I bear. 
D 
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seas. In the mid-Atlaiitic the bottom is found to con- 
sist of a white adhesive mud, or ooze, which is made 
up almost entirely of the remains of foraminifera. 
When ordinary chalk is examined under the micro- 
scope, it is seen to be mainly composed oi foraminiferaZ 
shells. This leads to the conclusion that strata of chalk 
were formed in a similar way to that in which the cal- 
careous ooze of the Atlantic and other seas is now 
forming. 

The coral polyp, which resembles the sea-anemone in 
structure, but is usually much smaller, contributes 
largely to the formation of limestone. It remains fixed 
the whole of its life upon a kind of stem (commonly 
known as coral) composed of carbonate of lime, and 
which each animal helps to form. As the animals die 
one by one, others take their place, and continue to 
make the coral larger. Coral reefs, which are abundant 
in the warm seas of the Indian and Pacific Ocean, have 
been formed by the gradual secretion of carbonate of 
lime by many generations of polyps. The coral polyp 
cannot live imless covered with water; but the reefs 
approach so near to the surface, that they are subject to 
the destructive action of sea-breakers, especially during 
storms. Fragments and particles of coral are continually 
detached, and deposited in the adjacent seas. 

Much of the coral detached by the breakers is thrown 
forward, and piled up above Ingh-water mark. These 
accumulations in time become compacted by the filling 
up of the vacant spaces with coral detritus, and form coral 
islands, which in many cases are covered with vegetation, 
and inhabited by men and animals. 

Searinies or enciinites, furnish calcareous remains in 
some seas. These a,nimals are related to sea-stars and 
sea-urchins j but are fixed to the bottom of the sea^ 
where they live, by long jointed stems consisting of car- 
bonate of lime, l^ese stems may accumulate to such 
an extent as to form thick beds of limestone. The 
encrinital limestone of Derbyshire consists in some 
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places almost entirely of encrinital stems mingled with 
sea-shells and coral 

Shell-fish, such as oysters, mussels, etc., are so abun- 
dant in some places as to form calcareous beds of great 
extent by the accumulation of their shells. 

83. Organic Siliceons Deposits. — Many minute or- 
ganisms, found both in fresh and salt water, are pro- 
vided with coverings of silica.^ Polycistince (animals) 
and diatomacesa (plants) are the most abundant; and 
these exist so plentifully in some lakes and seas, as to give 
rise to extensive deposits of silica. The polishing stone 
known as " tripoli " is composed entirely of the siliceous 
remains of microscopic organisms. 

84. GoaL — ^When thin slices of coal are examined 
Tinder the microscope, traces of vegetable tissues can in 
most cases be made out ; more especially indications of 
spores and spore cases of club mosses and other crypto- 
gamic (flowerless) plants. This points to the vegetable 
origin of coal, and the indication is supported by the 
numerous fern leaves, stems, bark, and other parts of 
plants which are found in, and associated witii, coal. 
The chemical composition of coal also shows its relation 
to vegetable matter ; toal, like wood, consisting of car- 
bon, hydrogen, and oxygen, together with some earthy 
substances, which constitute the ash in each case. 

When vegetable matter is exposed to moisture, but 
excluded from air, chemical changes set in, and it loses 
carbonic acid and water, becoming converted into peat. 
In this way peat is forming in many wet, boggy place? 
at the present time, principally from the growth oi 
mosses; but which, in their accumulation, often bury 
shrubs and fallen trunks of trees. Losing more carbonic 
acid and water, peat passes into lignite (30). Still losing 
carbonic acid and water, and in addition marsh-gas,^ 
lignite becomes coal, that is, ordinary bituminous or 

* The same chemical substance of Tvhich quartz is composed. 

* A compoimd of carbon and hydrogen, the fire-damp of the 
cool-miner. 
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house coal A furtlier loss of carbon and hydrogen 
converts coal into the stony mineral called anthracite 
(32). 

We gather from what has been said/ that in the mine- 
ralisation of vegetable matter, there is, under favourable 
circumstances, a gradual passage through the conditions of 
peat, lignite, and bituminous coal, to anthracite. In some 
thick peat mosses, the peat at the top passes insensibly 
into a kind of lignite at the bottom ; and in the same 
seam of coal, it sometimes happens that the upper part 
is bitimiinous, while it passes by degrees into anthracite 
in the under part 

The manner in which coal heda are formed wUl be 
explain^ further on. . _ 



Chemically Fobmed Bocks. 

85. Rock-Salt. — ^Beds of rock-salt represent the sites 
of original salt lakes, such as now exist in many parts of 
the world. The Dead Sea is a good example. In some 
of these lakes (which have no outlets), the water is com- 
pletely saturated with salt, and is ever receiving more ; 
and as the bulk of water in them remains about ^e same 
(evaporation keeping pace with the supply), there ia a 
continual deposition of salt going on, which in time may 
become thick beds, and at leng^ when some change in 
the conditions of the district ensues, be covered up by 
detritus. It may also happen to any salt lake that, 
from some change of level in the surrounding country, 
streams of water cease to flow into it, when it will be 
gradually dried up, leaving a bed of salt, more or less 
pure, at the bottom. 

86. Gypsum Beds have a similar origin to that of rock- 
salt. Sulphate of lime, being soluble only to a small 
extent in water, would be deposited by a lake continuing 
to receive more when already saturated with it^ and 
all would be deposited in the event of such a lake drying 
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up. Beds of gypsum^ when they oocur, are usually asso- 
ciated with ot^er lacustrine strata. 

87. Calcareous Deposits. — ^Deposits of carbonate of 
lime may be formed in lakes in a similar way to that in 
which rock-salt and gypsum are formed, giving rise to 
freshrwaier limestones. Animala living in these lakes 
w^ould contribute their hard parts towards the formation 
of such limestonea 

Calcareous deposits also occur when water containing 
bicarbonate of lune in solution loses some of its carbonic 
acid. This is the case when water, after having perco- 
lated through calcareous beds, becomes exposed to the 
air, as when it reaches the roof of a cavern and drops 
from it. The drop of water, as it remains suspended 
from the roof, loses carbonic acid, and depositrcarbonate 
of lima The amount deposited by one drop may be very 
minute ; but the process being incessantly continued, the 
slight projections first formed grow into long, pendant, 
icicle-Eke masses called stalactites.^ The<-water which 
trickles down the sides of the cavern forms similar deposits, 
giving a smooth surface to the walls. On the floor of 
the cavern also, if no stream flow over it, the escape of 
carbonic acid continues, and further deppsition of cal- 
careous matter takes place, enclosing and preserving 
bones of animals, and any other objects which may 
happen to be there. Immediately underneath the 
stalactites^ the deposition of matter goes on rapidly, and 
projections rise from the floor, looking like inverted 
stalactites. These are called d^o/o^mt^.^ Occasionally the 
stalactites and stala^ites meet each other, and form a 
pillar-like mass. 

In limestone districts, the springs, when they emerge 
from the rocks, are often so highly, charged with calcare- 
ous matter, that oi^ reaching the open air they deposit it 
freely upon whatever objects come in their way. Such 
springs have received the popular name of petrifying 
springs, on account of their giving a stony appearance to 
1 Gr. atdlasso, to drop. ' Gr. stalagma, a dropb 
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twigs of wood, moss, and other objects placed in ttem 
for some time. The objects themselves, however, are 
unchanged, this deposition of solid matter on them being 
very different from the true process of petrifaction or fos- 
silisation, by which the svhatomce of the objects themselves 
becomes stone, and which takes vast ages to effect (114). 
Springs, such as described, sometimes deposit carbonate 
of lime in considerable quantities, and there often occur 
in their neighbourhood great thicknesses of light porous 
rock, called tufa or travertine^ which have been formed 
in this way; 

88. Consolidation of Strata. — ^Before leaving the sub- 
ject of the formation of stratified rocks, it will be well 
to consider the mode in which soft and loose strata^ such 
as mud and sand, become consolidated into hard rock. 
Pressure, chemical change, and heat are the agents prin- 
cipally concerned in effecting this alteration. 

Pressure, — ^It is possible, by intense artificial pressure, 
to make clay and other incoherent matter quite compact 
and hard ; and it is not difficult to see how in nature 
sujficient pressure is obtained to effect the consolidation 
of strata. New matter is continually being added to 
that already collected at the bottom of the sea ; and if 
the sea-bottom is undisturbed for a great length of time, 
beds of great thickness (groups of strata occur on the 
land thousands of feet in thickness) may be accumulated. 
When this is the case, the lower beds — ^those formed 
earliest — ^become pressed with the enormous weight of the 
beds above them, and this pressure continued for great 
ages is alone sufficient to compact loose sediments into 
hard stone. Strata are also subject to intense pressure 
when it happens that they are crushed together laterally, 
as they undoubtedly have been in many cases, their 
crumpled form bearing evidence of the fact. In such 
cases, the rocks are also compact and stony ; but other 
forces than mere pressure appear to have been at work, 
for rocks of this description are generally metamor- 
phosed. 
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trifiUration of water containing solid matter in solution 
through porous strata, may give rise to consolidation, by 
the solid matter being deposited among the particles, 
thereby acting as a cement between them. The sub- 
stances which appear to act in this way as cementing 
material are silica, carbonate of lime, and oxide of iron. 

Chemical changes among the constituents of the strata 
themselves, giving rise to new arrangements of the 
particles, end in the hardening of rocks. The conversion 
of vegetable matter into coal is an example of this. The 
setting of cements serves to illustrate the hardening of 
material by internal chemical changes. 

Jleat alone may produce consolidation by actual or 
partial fusion and subsequent cooling, thus giving rise 
to metamorphic or igneous rocks. It may also assist 
pressure simply by expanding rocks. He part, however, 
played by heat in the consolidation of rocks is chiefly in 
its setting up and sustaining chemical ch&nges, in which 
water usually takes an important part. Bocks hardened 
under the influence of heat, especially if water be pre- 
sent to assist in the rearrangement of the constituents, 
generally become crystalline ; they are then said to be 
metamorphosed. 

By the separate or combined action of ihe above men- 
tioned agents — 

Sand becomes Sandstone. 

Pebbles, Conglomerate. 

Angular fragments, . . . . . Breccia. 

Mud, Shale. 

Clay, Shale and slate. 

Calcareous deposits, Limestone. 

89. Summary. — ^The last Ave chapters have been de- 
voted to a detailed account of the various natural pro- 
cesses involved in the production of stratified rocks. We 
have seen that these rocks are formed, not of any essen* 
tially new material, but are derived from rocks already 
existing. Thus, for every cubic foot of matter accumu- 
lated at the sea-bottom, a cubic foot of the land'is removed. 
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Evidently this process, if continued with no counteracting 
causes, would, in lapse of time, reduce all the land to 
submerged banks ; but the very existence of sedimentary 
rocks now forming dry land, demonstrates the existence 
of forces capable of lifting the sea-bottom quite out of the 
water, and converting it into dry land, thereby counter- 
acting the destructive action of denudation. The natural 
causes concerned in changing the level of land wiU next 
claim our attention. 



CHAPTER IX. 

Central Heat op the Earth— Original Fltjiditt— 
Volcanoes. 

90. Central Heat of the Earth. — ^We shall now con- 
sider certain facts which lead to the conclusion that the 
earth is highly heated in the interior. Proofs are afforded 
by — (1.) temperature of mines; (2.) temperature of water 
from deep wells and hot springs; (3.) volcanoes and intru- 
sive igneous rocks. 

Terrvperature of Mines, — ^The changes of temperature 
accompanying the progress of the seasons do not affect 
the surface of the land to any great deptL In our 
latitude we reach a constant temperature at the depth of 
60 or 70 feet at most. At any spot below this limit of 
variable temperature, a thermometer stands at the same 
height all the year roimd. In descending mines, after 
reachiiig a constant temperature, the rocks get warmer 
the lower we descend. This is true of all mines; wher- 
ever they occur, and whatever be the nature of the rocks 
in which they are situated. He rate at which the tem- 
perature increases with the distance descended varies in ' 
different mines, and at different depths in the same mine. 
The average rise of temperature is about V Fahr. for 
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every 60 feet descended below the limit of variable 
temperature. In the Dukinfield coal-pit, near Man- 
chester, a constant temperature of 51° Fahr. is reached 
at the depth of 17 feet. At the pit bottom, 2151 feet 
from the surface, the temperature is constantly 75 ** 
Fahr., showing an increase of V Fahr. for every 89 feet ; 
less than the average. In sinking the Eosebridge colliery, 
near Wigan (now the deepest mine in Great Britain), 
very careful observations were made of the temperature 
of tiie rocks themselves during the progress of the work. 
The result gave V Fahr. as the rate of increase for every 
64^ feet descended ; the temperature at the depth of 806 
yards being as high as 93^° Fahr. 

Artesia/n, WeUs consist of borings, usually of great depth, 
in places where, from the nature and position of the strata, 
the water finds its way through the boring to the surface. 
The water of these wells is always warmer than the mean 
surface temperature, and the temperature increases with 
the depth. An artesian well at Grenelle, near Paris, is 
1798 feet deep, and the water has a uniform temperature 
of 81*7° Fahr. Hot /Springs are usually connected with 
great fractures and dislocations in the rocks, extending 
to great depths. 

VolccmoeSy during their periods of activity, pour out 
streams of molten lava, and eject other heated matter. The 
very general distribution of volcanoes, recent and extinct, 
the vast amount of matter thrown out by them, and the 
highly-heated state of this matter, shows the existence of a 
widely-spread source of intense heat beneath the surface. 

Igneous Bocks, which occur every here and there at 
the surface, imply the existence of heat to melt them ; 
and when it happens that they are really intrusive rocks 
which have undoubtedly been melted,-^uch as basalt or 
greenstone, — ^they point to the source of heat being below 
them (44). 

Other proofs may be adduced, but the above are quite 
sufficient to establish the fact that the interior of the 
earth is in a highly heated state. 
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Supposing the increase of temperature to go on at the 
observed average rate, at the depth of Aree or four miles 
the temperature of boiling water would be reached ; at 
50 miles the heat would be great enough to melt steel ; 
while at 100 miles the temperature would probably be 
sufficiently high to fuse all known rocks. But^ whether 
the rocks are in an actual fluid state, ^iihid or greater 
depths, is at present purely a matter of theory. < 

91. Theory of Original Fluidity of the Earth.— With- 
out going into details, it may be stated that the observa- 
tions of astronomers have led to the belief that the earth 
was once (in common with the other members of the 
solar system) in a nebulous or gaseous condition, from 
which it condensed to an intensely-heated globe of liqui- 
fied matter. Eradiation of heat taking place, it at length 
became sufficiently cool to allow the surface to cohsolidate, 
forming an exterior shell or crust. Continued radiation 
thickened this crust, and so far cooled its surface, that 
the water, previously existing as an atmosphere of steam, 
was at length able to remain on it, thus commencing 
the condition of things as they exist at present, Tlie 
spheroidal form of the earth, being such as would be 
assumed by a liquid or semi-solid body rotating on an 
axis, together with the facts considered i^i the last 
article, all support the theory of the original fluidity of 
the^ earth. 

.We have little or no positive knowledge of the present 
condition of the earth's interior. Some have supposed 
it to be quite liquid, and having but a thin crust. It 
would seem, however, that the crust must be very thick 
in order to withstand the action of the tides which would 
be produced in the fluid matter, supposing it to exist. 
It is likely, also, that as the earth cooled, and while 
it remained sufficiently liquid for convection to take 
place, the pressure at the centre was more powerful in 
promoting solidity than the heat in inducing liquidity, 
and consolidation would, therefore, commence at the 
centre. When, however, the liquid mass which sur- 
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tounded ike solid nucleus became too viscid to allow of 
convection, then a crust would begin to be formed on 
the"exteri(M>". "Wfe can imagine the space between the 
two zones of solidification to consist of a honeycombed 
structure containmg detached masses of fluid matter 
(from whence v^jlSmic products may be derived). This 
would give us, a frigid earth, and just what astronomy 
requires it to be ; for if not rigid, it would give rise to 
motions which coiifel easily be detected. 

92. Volcanoes. — ^Every one is familiar with the general 
appearance of a volcano, from the frequency with which 
volcanoes are figured. At the top of the volcano is a 
cup-like depression or crater, which is the upper expanded 
portion of a funnel or passage communicating with the 
molten matter below, and by which the products of the 
volcano reach the surface during an eruption. On the 
flanks of the main cone there are usually a number of 
smaller cones, each with its own crater, and fed by 
branches from the main funnel. As many as 600 minor 
cones appear on the sides of Etna. 

Frequently the first signs of the eruption of a volcano 
are earthquakes, which mAy continue more or less during 
the period of activity. The eruption usually commences 
by the ejection of steam and other vapours, followed by an 
effiision of lava into the crater, where it boils up, giving 
rise to ashes, and often overflows the lip of the crateY", or 
forces a passage through the sides, and runs in streams 
down the slopes of the mountain. 

During periods of repose, the slumbering volcano often 
gives evidence of being still in connection with heated 
matter, by emitting volumes of smoke (really fine ashes 
and steam). 

The conical pile of matter constituting a volcano has 
all been ejected by the volcano itself, and the cone-like 
form is the necessary consequence of the continual addi- 
tion of ashes to the summit of the mountain ; just as a 
mound of sand or other loose matter takes a siimlar form 
when fresh material is continually added to the top of it. 
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The particular slope depends on the amount of friction 
between the particles of the material Some Yolcanoes 
have as great a slope as 45°, but 30° is about the average. 
From observations in denuded volcanic districts, much 
infbrmation has been derived with regard to the internal 
structure of volcanoes. An imaginary section through a 
volcanic cone is given in the figure. 




Fig. 14.~ImaginaT7 section through a volcanic cone. The darker portions 
represent lava streams. 

In some places, as in the Puy de D6me district of 
central France, groups of volcanic cones occur, with their 
craters and old lava streams, but which have never 
been in a state of eruption, or even emitted vapours, in 
historical times. Such cones are called extinct volcanoes. 

Yolcanoes may exist at the bottom of the se% when - 
they are called sv^moHne. 



CHAPTEE X. 

MOVEMBKTS OP THE EaRTH's CrUST— MOUNTAIN CHAINS — 

Metamobfhism. 

93. Movements of the Earth's Crust. — ^The fact that 
the greater portion of the land consists of strata made 
up of waste matter accumulated at the bottom of old seas 
which existed on the spot where these rocks are now 
found, is sufficient evidence of a change of level, either 
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of the sea or the land, having taken place since the de- 
position of the strata in question. 

That it is not the sea-level which has changed we may 
rest assured, for if the level of the sea should be lowered 
a few feet in one place, it must be lowered an equal 
amount all over the earth, and we cannot conceive of any 
occurrence of sufficient magnitude to effect this. Again, 
the quantity of water on the earth being always the same, 
there can be no alteration of its level without some 
change in the form and size of its rocky basin, which at 
once implies movements of the earth's crust. 

Not only have we old searbottoms forming dry land, 
and raised beaches, with their shingle and shells, of more 
modem date, but in many places, and even on our own 
coasts, forests, and sometimes buildings, occur submerged 
by the sea^ Of course these forests have changed won- 
derfully in appearance; the branches and the greater 
part of the stems are gone, but the stumps may be 
observed projecting out of the searbed at very low water. 

The movements to which the crust of the earth is sub- 
ject are principally of two kinds — (1.) Oscillations due 
to earthquakes, which generally effect permanent altera- 
tions in the level of the land ; and (2.) Slow and gradual 
movements of elevation and depression. 

Elevation is more frequent than depression, and in 
this way serves to compensate for the destruction of the 
land by marine and atmospheric erosion. Without eleva- 
tion, lie time would certainly come when all the land 
(except coral reefs) would disappear below the surface of 
the sea. 

94. Earthquakes. — ^An earthquake in its typical form 
consists of a sudden heaving of the land, which sinks 
again immediately, the protuberance thus formed moving 
forward with great velocity in all directions, in a maimer 
that may be compared to the motion of a wave on the 
surface of water. The intensity of the shock is greatest 
at the place first disturbed, from which spot it gradually 
decreases to the more remote districts, where the effect 
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dies away. Sometimes a succession of waves occur, each, 
of which traverses the disturbed country with great 
velocity. 

When the earthquake-wave originates beneath the 
sea, and travels towards the land, a huge sea-wave is 
formed, which does not keep pace with Ihe earthquake- 
wave, but comes in after the latter has subsided, sweep- 
ing over the land, and often effecting as much destruction 
as the earthquake itself. 

There is undoubtedly a relation between volcanoes and 
earthquakes. The latter are more frequent in localities 
where the former are numerous. The eruption of a 
volcano is often preceded, and accompanied, by eaiih- 
quakes. 

Great earthquakes are fortunately very rare; but 
shocks of lesser intensity are frequent. It is calculated 
that an earthquake occurs every week on an average^ in 
some part of the world or other. Our own islands do 
not escape occasional shocks. 

95. Permanent Alterations of Level accompanying 
Earthquakes. — Many cases have occurred where the 
oscillations of the land during earthquakes have resulted 
in permanent alteration of level. The west coast of South 
America abounds with instances of this kind. In many 
parts of this coast sea-beaches are found at various heights 
above the sea-level. These beaches are often known to 
be of modem date by the fresh state of the shells. "We 
are furnished with accounts of many upheavals and de- 
pressions accompanying earthquakes. During the earth- 
quake of Conception in Cluli in 1835, a belt of coast 
was raised five or six feet, and after slowly subsiding,, 
remained at an elevation of two feet above the original 
level. 

96. Slow Elevation and Depression. — Observations in 
various parts of the world show that many tracts of land 
are slowly subsiding, while others are gradually rising. 
We need not go far to arrive at districts where elevation 
is actually ta^ng place. The Scandinavian shores of the 
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Baltic afford a good instance. Observation!^ in this sea 
(facilitated by the ahnost entire absence of tides) show 
that the whole coast from Stockholm northwards is 
slowly rising. Tho rate increases from a few inches in a 
century a little north of Stockholm, to 5 or 6 feet in a 
century in the district of the North Cape. An instance 
of slow depression is afforded by the west coast of 
Greenland, where for a distance of 600 miles the shore 
is slowly subsidiDg. Posts to which boats were formerly 
nioored, and the remains of habitations, are found be- 
neath the water in many parts of this district 

97. Depression proved by Coral Reefs. — ^The manner 
in which coral reefs are produced by the coral polyp has 
already been described (82). Coral reefs are of three 
principal Idadsh^ri/nging ref/», hwrrier rerfsy and oitoUs, 




Fig. 16.— Diagram of a ftringiog reef (e). 
a h Level of the sea. 

Fringing Reefs, — ^The reef-building polyp can only live 
in warm, clear sea-water of a certain moderate depth. 
In the Lidian and Pacific Oceans these conditions are 
afforded by the shallow water near the rocky margins of 
numerous islands and continental shores. Wherever the 
conditions are favourable, the land is fringed, at* some 
little distance from the shore, with reefs of coral called 
fringing reefs, the growing portions of which are always 
below water. 

Baarier Reefs are great reefs of coral, which occur 
quite, away from the mainland, generally running parallel 
to the coast^ but frequently at a distance of many miles 
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from it Between the reef and the land the water is 
comparatively shallow, but sufficiently deep to float large 
ships^ wliile the outer edge of the reef descends almost 
vertically into deep, and often unfathomable water. The 
best example of a reef of this kind is the great barrier 
which stretches in a broken line along the north-east of 
Australia for more than 1000 miles, and at about 50 or 
60 miles from the shore. 

From what has been said of the habits of the coral 
polyp, it is evident that the barrier reef could not have 
been cominenced at the great depth below the surface of 
the sea to which they are known to descend. The origin of 




Fig. 16.— Diagram showing the formation of a barrier reef (d). c Original 
« f rini^ng reef, a b Present Bea-leveL 

these reefs is accounted for in this way: — The barrier' 
reef was once a fringing reef skirting lie shores of the 
land in a district imdergoing slow depression. In conse- 
quence of this depression the sea gradually encroached 
upon the land, and removed the coast line backwards, 
while the movement was sufficiently slow to allow the 
polyps, in their effi3rts to maintain their proper depth by 
continually growing on the top of the reef, to keep it at 
the same level below the sea. This will be made clear by 
referring to the diagi-am. Fig. 16, which is intended to 
represent a barrier reef formed by the growth of the 
fringing reef in Fig. 15, the land being supposed to be 
lowered. 

Atolls. — ^When barrier reefs entirely surround an island, 
they are called encircling reefs. Should the depression of an. 
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island with an encircling reef be continued, slowly enough 
for the coral polyps to raise their reef as the island 
sinks, it may happen in time that the island will quite 
disappear below the water, while the reef remains at the 
surface in the form of a huge irregular ring. Many ring- 
like reefs occur in the Pac&c Ocean, and are called atoUa, 
Like barrier reefs, they present steep fronts to deep water 
without, while on the inside they gradually slope to the 
bottom of the included lagooUy the depth of which is much 
less than that of the sea outside the reef. 

98. Elevation proved by Coral Reefs. — Coral reefs 
are sometimes useful in proving elevation. In some 
districts, mostly volcanic, old coral reefs are found on 
the coast high above the present searlevel. In all cases 
they are much eroded, and often recognised with diffi- 
culty. Beefs of this kind occur in Java and neighbour- 
ingialands. 

, 8Q. .Probable Cause of the Movements of the Earth's 
Crust. — ^It is generally thought that the slow movements 
of depression and elevation are consequent on the con- 
traction of the earth by cooling. The earth continuing to 
cool after the crust was formed, and gradually contract- 
* ing in bulk, would tend to retreat from the solidified 
crust, leaving a space between it and the still liquid 
sphere withm. But the crust, being drawn down by 
gravity, would, by bending and crumpling, adapt itself to 
the ever-decreasing surface. The movements of the crust 
would not, of course, take place all at once, but would 
be of all ages. The movements taking place at the 
present time are probably due as much to the gradual 
yielding of portions of the crust which have not yet 
thoroughly settled down into a stable position, as to the 
cooling going on at the present time, which is compara- 
tively slow. 

100. Mountain Chains. — ^It has abeady been explained 
thajb mountains and hills are often the work of atmo- 
spheric denudation (74). Mountain chmns^ however, 
while they have been subject to extensive denudation, 

E 
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giving rise to peaks, passes, and otiher mountain scenery, 
owe ^eir origin in the first place to actual elevatioiL 
Several theories have been proposed to account for their 
elevation, the most probable explanation being, that they 
were formed during the efforts of the earth's crust to 
adapt itself to the shrinking mass within, as just ex- 
plained. In this way, while large tracts quietly subsided, 
the less rigid or weaker portions were thrown into folds 
or ridges, of which our mountain chains are the rem- 
nants. The condition of the skin of a shrivelled apple 
illustrates the crumpling of a covering in its efforts to 
adapt itself to a shrinking mass. 

The general structure of mountain chains favours this 
view. On either side the strata dip away from the axis 
of the mountain, showing that they have been thrown 
up into anticlinal curves. Frequently, also, the central 
portions of the mountain chain consist of granite or 
highly metamorphosed rocks ; and these, by their supe- 
rior resistance to denuding forces, are left at compara- 
tively high levels, forming the rugged peaks which 
characterise so many mountains. In the present state 
of our knowledge, we cannot positively say whether the 
granite found its way up in a melted state from below, 
when the mountain range was formed, and thus by its 
heat helped to metamorphose the adjacent strata; or 
whether the heat produced by the lateral crushing to- 
gether of the strata to form the foldings was not sufficient 
to metamorphose the internal strata^ even to the formsr 
tion of granite. 

101. Metamorphism. — Closely connected with the sub- 
jects of the interior heat of the earth, and the move- 
ments of its crust, is that of metamorphism. This is an 
important change which stratified rocks are capable of 
undergoing, and which so completely alters the chemical 
arrangement of their constituents, that they lose their 
original texture, and become more or less crystalline, 
often resembling igneous rocks, for which they are some- 
times mistaken. Frequently the crystals assume the (ovm 
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of mere plates, lying flatly one upon another, giving a 
laihiinated structure to the rock, but the lamination is not 
necessarily parallel to the stratification (see 19, 33, 35). 

Cleavage, both slaty and schistose, is due to pressure. 
The flattened fossils which are found in slaty rocks are 
evidence of thisf, and the structure can be produced in 
many substances artificially. If a piece of soft wax be 
strongly compressed between two opposite surfaces, it 
acquires a laminated structure, the cleavage being per- 
pendicular to the direction of the pressure. 

Schistose and slaty rocks occur for the most part in 
the contorted and crushed rocks which form mountainous 
districts, and we have to look for the pressure producing 
the cleavage and foliation in the lateral forces which 
produced i£e crumpling of the rocks. 

Heat is imdoubtedly a principal agent in the meta- 
morphism of rocks. We know how fiie potter's clay is 
baked by heat into porcelain; and we should expect to 
find rocks subjected to great heat to have imdergone 
somewhat similar change. In speaking of igneous rocks 
it has already been stated, that wherever these penetrate 
sedimentary strata, the latter become much altered from 
the baking they have undergone. 

It would seem that, from the considerable rearrange- 
ment which has taken place among the chemical con- 
stituents of metamorphic rocks, some solvent power, such 
as that of water, must have been at work; and it is 
known that water, when intensely heated under great 
pressure, will dissolve quartz and many other minerals 
ordinarily insoluble. 

Examination of synclinal curves shows the strata in 
many cases to descend to great depths, probably within 
the reach of great internal heat. In this way many 
rocks have been metamorphosed, and have since been 
exposed by denudation, or by elevation and denudation 
combined. The heat developed by the lateral crushing 
of rocks as a probable cause of metamorphism^ in some 
cases, has already been referred tQ. 

Digitized by VjOOQIC 



60 GEOLOGY. 

By metamorpliic action, sandstones become quartz 
rock, shales are clianged into mica schist, clay and slate 
into gneiss, and limestone into crystallinek limestone or 
marble. 

It was originally thought that metamorphism was 
confined to the oldest rocks only. Doubtless these have 
been subjected to the conditions of metamorphism many 
times, and are likely to be more completely metamor- 
phosed than younger rocks ; but observations show that 
metamorphic rocks may be of any age. 

102, Lodes. — ^Many of the older rocks are traversed 
by irregular veins of metallic ores, and other mineral 
matter, called lodes. A lode appears to have been 
originally a fissure, and this has subsequently become 
filled by the deposit of various mineral matters. The 
substances most commonly found in lodes are quartz, 
carbonate of lime (calc spar), carbonate and sulphate of 
copper, sulphide of lead (galena), oxide of tin, etc. It is 
not very clear how the lodes became filled with these 
substances; but it is probable they were deppsited from 
water containing them in solution, as it flowed through 
the fissures. "Kiey were formed in all cases at great 
depths, where the temperature and pressure would greatly 
aid the solvent power of water. 



CHAPTER il. 

PosiTioKs OF Bocks. 

103. Positions of Rocks. — ^We began our study of rocks 
with an examination of their mineral pecidiarities ; we 
then followed step by step the natural processes con- 
cerned in the production of new rocks ; and finally con- 
sidered those forces which produce great change in the 
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positioix and internal constitution of the strata on which 
they act. In this chapter we shall return to the rocks 
themselves, and study the various positions in which 
they lie, and the relation they bear one to another. 
This will afterwards render important help in the study 
of geological history. 

104. Maps and Sections. — ^In order to understand ike 
geological structure of any district, it is necessary to 
study the surface, and trace the boundary lines of the 
different kinds of rocks appearing at the surface ; it is 
also necessary to examine sections or cuttings through 
the rocks, which show the inclination of the strata, and 
their relation one to anotheiv 

By means of maps, the nature and extent of the rocks 
at the surface may be shown, and sectional drawings 
may be made to ediibit the inclination and relative posi- 
tion of the beds. The different rocks may be distinguished, 
either on maps or sections, by varieties of shading and 
marks ; but it is found more convenient on maps to dis- 
tinguish them by colours, as this allows of the marking 
on the maps of the names of rivers, towns, roads, etc. 
In geological maps, the colours selected have usually 
some relation to the prevailing tint of the rock they 
represent. 

105. horizontal and Inclined Strata. — ^These terms 
explain themselves. Fig. 17 represents a group of 
horizontal strata^ and Eig. 18 inclined strata. By in- 





Pig. 17. Mg. la 

spection of Fig 18, it will be seen that while strata are 
inclined in one section, they may appear to be horizontal 
in another section. 
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Strata of all inclinations occur, and in some cases the^ 
are even vertical, or on edge. Further than this, in- 
stances are known where the strata are actually inverted. 
106. Outcrop — Strike. — ^The exposed edges of strata, 
where they come to the surface, is 
called their outcrop; and we are 
accustomed to say such and such a 
bed crops otU at such and such a 
place. Miners call the outcrop of a 
stratum its basset edge. 

The direction in which the line of 

outcrop or basset edge of a bed lies, 

^^ ^' stated in the points of the compass, 

is called its sfnUce, Thus, in the imaginary map, Eig. 19, 

the general strike of the beds is NE. and SW. 

1Q7. Dip — Clinometers. — ^The angle at which a bed is 
inclined to the horizontal is called its dip. This, of 
course, is the angle through which the bed has been 
tilted from its original position. 





Fig. 20.~^Ezample8 of dip. 

The dip of a bed must be determined in a section at 
right angles to the strike. The reason for this will be 
made dear on inspecting Fig. 18. In this diagram the 
section to the left hand shows the true dip, while in that 
to the right the strata appear to be horizontaL 

To measure the dip of strata, we require an instrument 
called a clinometer. The beginner would do well to con- 
struct a simple one for himself, and to make use of it in 
determining the true or apparent dip of strata in his 
own neighbourhood. A simple form of clinometer is 
shown in Fig. 21. It may be constructed of a piece of 
thin board about six inches square, a small plummet 
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Fig. 21.— Clinometer. 



being attached near one comer, and a graduated arc 
of 90° marked on the board. Placing the clinometer as 
shown in the figure, the plummet 
marks the dip. The measurement 
is more accurate if the clinometer 
is made to rest on the edge of a 
long lath with parallel edges, which 
is held parallel with the strata. 

108. GnrvedStrata. — Strata are 
often curved, and we have had 
frequent occasion to refer to 
curved strata. The curves may 
be of large radius, or be often 
repeated in the space of a few miles, or even yards. In 
curved strata the dip continually varies. Hence, if we 
examine the same series of beds in different places, and 
find the dip is not constant, we infer that the strata 
are curved. 

Anticlinal and synclinal curves (75) are great folds in the 
strata^ and often extend to considerable distances in the di- 
rection of their axes, ^ 
that is, in the direc- 
tion of the length of 
the fold. When the 
strata of syncHnal 
curves dip towards 
a line or axis, they 
form a i/rough. If 
they dip towards the 
same point, they 

form a hawru A vertical section through a basin shows 
a synclinal curve in whatever direction it is taken. It 
must be remembered that the terms " trough" and "basia" 
do not refer to depressions in the ground itself, but only to 
the curvature of the strata. Thus it happens sometimes 
that the strata forming a hill are synclinal. When the 
curvature of strata is very sharp, and often repeated in a 
small gpace^ the strata are said to be contorted (Fig. 23), 





Fig. 22.— Anticlinal curve, 
a b Direction of axis. 
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109. Joints. — ^All consolidated strata are traversed by 
planes of division perpendicular to the stratification. 
These divisional planes, called joints^ divide strata into 
cuboidal masses, giving them the appearance of having 
been built up of separate blocks, like tiiie walls of a build- 
ing. Igneous rocks are also cut by joints, but these are not 



Fig. 23.— Contorted strata. 



usually so regular in form as they are in stratified rocks, 
except in the case of lavas having a columnar structure. 
Joints facilitate quarrying, and the subsequent fashion- 
ing of the stones. They owe their origin to the contrac- 
tion of the rock during its consolidation.^ 




Hg. Zl^Joints in 



110. Faults. — ^It has happened sometimes' that, during 
the movements of the earth's crust, strata have been 
actually broken through, and so displaced that they do 
not correspond on opposite sides of the fracture, those on 
one side having a Ingher elevation than those on the 
other. Such a fracture and displacement is called SkfwuU, 
Coal-miners, in following some particular bed, find it 
suddenly terminate on reaching a fault. They have then 
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to seek the continuation of the bed on the other side of 
the fault, at a higher or lower level ; and they term the 
fault an upthrow or dovmthrow, according as they have 
to rise or descend. The same fault would be an upthrow 
or downthrow according to the side it were approached 
from. 




Fig. 26.-nknli 

111. Conformable and Unconformable Stratification. — 
When two series of strata lie parallel to each other, and 
there is no appearance of the first series having suffered 
denudation before the deposition of the second series, 




Vlg. 26L— Unoonfomutble itrfttiflcatioo. 

they are said to be conformable to each other. On the 
other hand, when one series of beds rests upon the de- 
nuded edges of another set, the two series are said to be 
unconformable to each other. 

Digitized by VjOOQIC 



66 OBOLoaT. 

CHAPTER XII. 

Fossils— Classes of Animals and Plants. 

112. Fossils. — The literal meaning of the word " fossil " 
is something dug up ; but the term is now restricted to 
the remains of n-mmftla and plants, and impressions made 
by them, occurring in various rocks. 

It is onlj the harder parts of animals which are found 
fossil, such as bones, teeth, scales, crustaceous coTerings, 
coral, etc. The parts of plants most commonly found in*^ 
the fossil state are leayes, wood, bark,xand roots; more 
rarely frcdts, seeds, spores, and spore cases. 

The study of fossil remains is called FcUceaniology,^ 

113. Preservation of Animal and Plant Remains. — 
When animals or plants cease to liye, chemical decom- 
position sets in, and their soft parts are speedily obliter- 
ated ; even their bones or other hard parts,* if sufficiently 
long exposed, crumble to dust. The operations of nature, 
however, frequently lead to the preservation of organic 
remains; in the first place, by covering them up, and 
afterwards converting them into stone, when they are 
saved from further decomposition, and often become as 
permanent as the rock in which they are embedded. 

The following are some of the ways in which animal 
and plant remains become buried. Marine animalEi, as 
they die, fall to the bottom of the sea, and soon become 
buried by sedimentary matter ; the same applies to ani- 
mals living in lakes. The remaLos of terrestrial animals 
may be covered up by sand being blown over them, or 
by volcanic ashes falling on them, or they may in time 
be buried by the growth of peat-mosses. When rivers 
overflow their banks, the floods are often very destructive 
to animal life, and the bodies of animals may .become 
buried by the silt left by the river, or they may be floated 
down to the river's mouth, and be enclosed in ike depofiitB 
^ Gr. palaioa, ancient ; logos, an account ot 
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there. Kemains of terrestrial animals are frequently 
found in alluyial deposits. The preservation of animal 
remains by their becoming endosed in caye deposits has 
already been alluded to (87). 

114. Fossilisation or PetrifiBU^ion. — ^Fossil animals and 
plants, while they retain their original form^ have lost all 
or most of their original substance, it having been replaced 
by a slow and gradual process from the mineral matter 
in which the remains were embedded. It often happens 
that the chemical composition of the fossil is totally 
different from the matter which composed it originally. 
Thus shells, originally composed of carbonate of lime, are 
often found converted into iron pyrites (sulphide of iron), 
when they have been embedded in clay. Wood, enclosed 
in sandstone, is changed into silica, while in limestone it 
is often converted into carbonate of lime. 

It must not be supposed that the process of fossilisation 
is one which can be watched or imitated, for it requires 
vast ages to accomplish it, and we find the change is not 
so complete in the fossils of the later rocks as it is in 
those of the. older ones. 

For a fossil to be perfectly formed, it is necessary that 
the material in which it is embedded should be free from 
substances which woidd act destructively on the organic 
structure, and it is further necessary that the rock be not 
pervious to water. In the case of sandstones and other 
strata which allow water to percolate through them, per- 
fect fossils are not found, oiiLy casts and impressions of 
them. 

115. Presenration of Footprints and other Impressions. 
— ^Animals, in walking over the wet sand, mud, or clay 
upon the sea-beach or margin of a lake or river, leave 
impressions of their feet; and if these marks are soon 
covered up with sand or mud, quietly strewn over them, 
as by the rising tide, they may be permanently preserved, 
especially if the soft surface of the ground has been well 
bi^ed by the sun before receiving another layer. In a 
suoilar way are preserved worm tracts and burrows^ 
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ripple-inarks, sun-cracks, and even the impressions made 
by raindrops. Fine-grained flagstones on being split, 
often exhibit ripple-marks, rain-pittings, and other such 
markings. 

116. Nature of Deposits inferred firom Fossils. — ^The 
nature of various strata, and the conditions under which 
they were deposited, can often be made out by an ex- 
amination of their ^lineral character ; but this is made 
far more easy by the study of their fossils. 

MaHne Deposits are known by their containing marine 
shells, corals, and other remains of aniTnals which inhabit 
the sea. Deposits made in the neighbourhood of land 
may be told by their containing fragments of land plants, 
insects, and' larger animals inhabiting the land. 

Freshrwatsr Deposits are frequently recognised by their 
containing shells and bones of animals which only inhabit 
fresh water, and from the absence of all traces of marine 
life. The following shells, common in our ponds and 
rivers at the present day, are characteristic of fresh-water 
formations, viz. — Fkmorbts, Lyvrmea, Fhysa^ Pahidina^ 
Anodon, Unto, 

JEstua/rine Deposits often contain both marine and 
fresh-water species, mingled with forms which are peculiar 
' to brackish water. ^ 

Old Sea-heaches can often be told by their beds of shells, 
as well as by ripple-marks, footprints, eta. 

117. Classification of Animals and Plants. — ^Before 
proceeding to study the geological history of rocks, the 

, student must make himself familiar with ^e great classes 
into which animals and plants are grouped. This is 
necessary, for the world's history is piincipally made out 
from the evidence aflbrded by fossil plants and animals. 

Every distinct kind of animal or plant constitutes a 
species, and receives a specific name. When two or more 
species closely resemble each other, but difler in some 
modification of structure, they are grouped into one germs 
(pi. genera)f luid receive a generic name. To illustrate 
ihis, let us take as examples the rabbit and the hare. 
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There are many different breeds of rabbits, differing in 
colour, length of hair, shape of head, etc., but thej 
have no essential difference in their internal structure. 
Popularly we call all these breeds rabbits, and scienti- 
fically we say they are all va/rietiea of one species, and they 
receive the same specific name. The resemblance of the 
hare to the rabbit is striking, but at the same time we 
readily distinguish the one from the other by peculiarities 
of form, and these are connected with distinct modifica- 
tions of structure. The hare and rabbit are therefore 
said to be distinct species, but belong to the same genus. 
They haye both received the generic name lepus; the 
hare being leptis timidiis, and the rabbit lepus cunicuhia. 

Closely related in structure to the rabbit and hare, we 
have the porcupine, beaver, rat, mouse, squirrel, and a 
number of other animals. These are grouped into one 
Natural Order called Bodentia. 

A nimiber of natural orders having in common the 
same modification of some important structure, as the 
skeleton, heart, or respiratory organs, form one Class. 

Ultimately, all the clasaea are grouped into seven or 
eight Sub-kingdoms, the members of each sub-kingdom 
being built upon the same general plan. 

What has been said of the grouping of animals into 
orders and classes also applies to plants. 

CLASSmCATlbN OP ANIMALS. 

BUB-KINGDOM VEBTEBRATA. 

AniTnftlt^ -with a vertebral cdlumn, or back-bone, com- 
posed of segments jointed together; each segment is 
called a vertebra, ' ■> 

The remaining sub-kingdoms. are cbUectively called the 
invertebrcOa. 

Class i. — McmvmaLia^ or n^ftTimala Warm-blooded 
viviparous quadrupeds, with skins more or less hairy, 
and giving suck to their young. .Examples — ^lion, horse, 
whale. 
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Class ii. — Aves, or birds. Examples— eagle, finch, 
ostrich. 

Class iil — Reptilia, or reptiles. Cold-blooded quad- 
rupeds with scaly skiiis (legs sometimes absent). Exam- 
ples — crocodile, tortoise, liziard, snake. 

Class iv. — Amphibia. Animals having gills like a 
fish in early life. Examples — frog, toad, newt. 

Class y. — Pieces, or fishes. Examples — salmon, shark, 
eeL 

SUB-KINGDOM MOLLUSCA. 

Class i. — CepJvahpoda, Molluscs with a ring of arm- 
like appendages (tentacles) round their head. Many 
secrete shells consisting of a series of chambers. Exam- 
ples — cuttle-fish, nautilus, ammonite. 

Class il — Fteropoda, Molluscs which inhabit the 
open ocean. The clio, which is the principal food of the 
whale, is an example. 

Class iil — Fulmogasteropoda (pulmata). Air-breath- 
ing molluscs, secreting in most cases a spiral shell, con- 
sisting of one piece (univalve.) Example — common 
snaiL 

Class iv. — Bromchiogasteropodcb, Molluscs respiring 
by means of gills, and having univalve shells, usually 
spiral. Examples — ^periwinkle, wbelk, cowry, limpet. 

Class v. — LdmeUihrcmchiata (conchifera.) Molluscs 
with shells of two pieces (bivalve) hinged together. The 
two halves are usually like each other, but are right and 
left, like a pair of gloves, and correspond to the right 
and left of the animal. Examples— 03rster, cockle, 
mussel, scallop, and all ordinary bivalves. 

SUB-KINGDOM MOLLUSCOIDA. 

Class i. — A addioida. Marine animals with soft bodies ; 
not known in the fossil state. 

Class il — Brouihiopoda. Have bivalve shells, the 
two halves being unlike each other^ and correspond tp 
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the upper and lower parts of the animal. Examples — 
terebratnla (lamp-shells), lingula. 

Class hi. — Folyzoa. Compound aoimals, usually re- 
siding on a branched stem, which each individual helps 
to form. Example — sea-mat (flustra). 

SUB-KINGDOM COELENTEEATA. 

Class l — Actinozoa. Examples — sea-anemone, coral 
polyp. 

Class il — Hydrozoa, Example — ^hydra. 

SUB-KINGDOM ANNULOSA. 

Animals with bodies in jointed segments. 

Class i. — Insecta or insects. Examples — ^bee, butter- 
fly, beetltf. 

Class ii. — Myriapoda, Example — centipede. 

Class hi. — Arachnida, Examples — spider, scorpion. 

Class iv. — Cmatcusea, Example — ^lobster, crab, wood- 
louse. 

Class v. — Annelida, Examples — earthworm, leech. 

SUB-KINGDOM ANNULOIDA. 

Class i. — Scolecida, Examples — ^tapeworm, rotifer. 
Class ii. — Uchinodermata, Examples — sea-urchin, 
star-flsh, sea-lilies. 

SUB-KINGDOM PEOTOZOA. 

Class L — Infusoria, Microscopic animals living in 
water. 

Class ii. — Spongida, Example — sponges. 

Class iil — Radiola/ria. Micax)Scopic animals, usually 
with silicifled coverings. 

Class iv. — Ehtzopodu. Example — ^foraminifera. 

Ci^ASS V, — Gre^arinida, Internal parasites. 
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CLASSIFICATION OP PLANTS. 

SUB-KINGDOM PHANEBOGAMIA. 

Flowering plants, producing seeds containing the rudi* 
ments of the future plant (embryo). 

Class i. — Dicotyledonea or JSxogens, Plants with 
two seed-leaves, net-veined leaves, and having their now 
wood packed outside that already formed, giving rise to 
the appearance of concentric rings in a cross section. 

Sv^Hilass. — Anffiosperms. Seeds in a seed-vesseL 
Examples — all British trees but conifers ; also buttercup, 
rose, convolvulus, nettle. 

Sub-cla88, — Gynmosperms. Seeds naked. Examples 
— conifersB (cone-bearers), as fir, larch, cypress, cycads. 

Class ii. — Monocotyledonea or Endogena. Plants with 
one seed-leaf, parallel-veined leaves, and having their 
new wood packed inside the stem. Examples — ^palms, 
bananas, aloe, lily, onion, rushes, grasses. 

SUB-KINGDOM CBTPTOGAMIA. 

Flowerless plants, producing spores containing no 
embryo. 

Class i. — Acrogens, Ferns, equisetums (horsetails), 
lycopodiums (club mosses), and mosses. 

Class il — ThaUogena, Lichens, fangi (mushroom, 
toadstools, etc.), algse (sea-weeds). 



CHAPTER Xm. 

Relative Age of Books. 

118. Relative Age of Strata. — ^Whenone stratum rests 
upon another, we infer that the hwer bed was com- 
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pletely deposited before the wj^er bed was commenced. 
Thus, in the. three beds marked 1, 2, and 3, we know 
that 1 is the oldest, and 3 the newest It is clear, also, 
that if fossils are found ^ ,3 2 

in 1 , the animals or plants "'"'^^'^ ^.. .-r-y.^r-''^^^ 
lived and died before 2 
was deposited. 

By observing how 
strata rest one upon the 
other in various places. Fig. 27. 

geologists are able to 

make out the order of succession of stratified rocks, and 
to construct tables showing their superposition. These 
observations are much facilitated by the exposure of 
the edges of strata by denudation, especially where the 
strata are inclined. 

If we confine our observations to rocks of the same 
age, we find that while some of the fossils are local, many 
are constant throughout, occurring wherever the rocks 
are found. In passing, however, to newer rocks, we find 
a change in the fossils ; species which characterised the 
older rocks have disappeared, and have been replaced by 
others, many of which in their turn characterise these 
newer rocks. Thus we find that -each age of the world 
had its own peculiar animals and plants, its fauna and 
flora. This "succession of life in time" having been 
established^ and having a knowledge of the fossils which 
characterise the difierent periods, we are able to discover 
the geological age of many strata, even when we cannot 
trace their superposition. 

Bocks of the same age have often peculiarities in their 
minerc^gical structvrey and may sometimes be recognised 
in distant places by this means alone. 

It sometimes happens that we can tell which is the 
older of two series of strata, by one series containing 
fragments derived from the waste of the other series. 

119. Geological Time. — ^In the structure of the earth 
we have everywhere evidence of the lapse of great perioda 

F 
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of time. It has been ascertained that if all British strata 
were superposed in chronological order, it would make 
an aggregate thickness of nearly twenty miles. All this 
has been slowly accumulated in a similar manner to that 
in which beds of sand, mud, and ooze are now accumu- 
lating in lakes and in the sea ; hence a vast duration of 
time is represented by the strata alone. 

The change from one bed to aiiother of a different 
kind also represents time. For instance, if we find a bed 
of conglomerate resting on one of limestone, we know 
that an interval of time must have elapsed, unrepresented 
by deposition, during which interval the movements of 
the land, or other causes, gave rise to altered conditions 
in the district. We must not forget that intervals at 
one place may be represented by actual strata at an- 
other. 

Unconformable stratification implies the lapse of a long 
interval of time between the deposition of the two 
series of beds. Thus, in Fig. 26, it is clear that after the 
beds marked 1 had been deposited, they must have been 
elevated, denuded, and again depressed, before the depo- 
sition of the series 2. 

120. Change of Species in Belation to Intervals. — ^It 
has already been said ttiat each age of the world has its 
own peculiar animals and plants, and, consequently, the 
rocks of different ages are characterised by peculiar 
fossils of their own. When we examine the fossils found 
at various depths in some thick stratum, or series of 
closely related strata, we find that the species change 
very gradually ; but when v^e pass from one stratum to 
another of a different kind, above or below it, we often 
find a considerable difference in the species. The more 
abrupt the change from one series of strata to another, 
the greater is the change in the species. 

Unconformable stratification is always accompanied by 
more or less complete change of species. 

121. Grouping of Strata According to Age.— Strata 
mostly occur in groups, the beds making up each group 
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being closely related in lithologicaP characters, and La^^g 
similar fossils throughout. Such a group of strata is 
called a formation. For instance, in Wales we have a 
series of dark shales and flagstones, characterised by a 
fossil shell of the brachiopod class, called LingvMla, This 
series forms one formation, and is known as the Lingula 
Flags. A formation is really a series of deposits which 
have taken place at a sea-bottom, undisturbed for a long 
period of time. 

Formations, in their turn, occur in natural groups or 
series, the groups of formations being separated from 
each other by unusually great changes in ^e nature of 
the strata and their included fossils. Thus we have the 
Silurian formations, the Oolitic formations, etc. 

In British strata there is one unusually great break 
represented by unconformity and great change of spe- 
cies. Advantage is taken of this break, and also of 
another somewhat less marked, to divide all strata 
into three great groups, or, rather, to divide time into 
three great periods. Each of these periods is charac- 
terised by the nature of its animal and vegetable life. 
They are as follows, placing the oldest at the bottonj : — 

m. Tertiary or Cainozoic (new life). 
II. Secondary or Mesozoic (middle life). 
I, Primary or Palaeozoic (old life). 

It will be convenient now to give a list of the principal 
British formations in their chronological order, the oldest 
being placed at the bottom. 

1 Gr. lUhos, stona 
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TABLE OF BRITISH FORMATIONS. 

Recent. 
Post-Pliocene. 
Newer Pliocene. 
'Older Pliocene. 
Miocene. 
Eocene, , 



Cretaceous, 
"Wealden, .... 



Oolite, . 



AND 



Middle, 
Lower, - 



Lias, 

Trias, 

Permian, 



Carboniferous, . 



Devonian and Old 
Red Sandstone^ 



Silurian,'. 



LD ) 
» ) * 

Upper, 



Lower, 



Cambrian. 
, Laurentian, 



.Lower, Middle, and Upper. 
Chalk. 

Upper Greensand, 

Gault. 

Lower Greensand. 

Wealden. 

Purbeck Beds. 

Portland Oolite. 

Kimmeridge Clay. 

Coral Rag. 

Oxford Clay. 

Combrash. 

Forest Marble. 

Bath or Great Oolite. 

Stonesfield Slate. 

Inferior Oolite. 

Upper Lias. 

MarlstOne. 

Lower Lias. 

Rhsetic Beds. 

Keuper (New Red Marl). 

Bunter(NewRed Sandstone). 

Magnesian Limestone. 

Romliegende. 
' Coal Measures. 

Millstone Grit. 

Upper Limestone Shale. 

CaAoniferous Limestone, 
^ Lower Limestone Shale. 

Upper. 

Mddle. 
I Lower, 
r Ludlow Group. 
< Wenlock Group. 
I Upper Llandovery Beds. 
( Lower Llandovery Beds. 
' Bala and Caradoc Beds, 
-j Llandeilo Beds. 

Tremadoc Slates. 
Llingulft Flags, 
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122. General SiTUctnre of Great Britain.— Fortunately 
for us, Great Britain affords examples of almost all known 
formations. In this respect we have an advantage over 
many countries/ where thousands of square miles are 
sometimes occupied by one or two formations. The 
beginner, therefore, by making short excursions into the 
country, may observe, with his own eyes, many of the 
formations mentioned in the table of strata given above. 

Before proceeding further, the student should provide 
himself with a coloured geological map of Great Britain 
— ralmost any one will do for general purposes ; but he 
should procure, in addition, the quarter sheet issued by 
the Geological Survey which embraces his own neigh- 
bourhood. 

If the student will now examine such a geological map 
of Great Britain, he will observe that the Mesozoic and 
Cainozoic rocks occupy the middle, eastern, and south- 
eastern portions of England, while the older, or Palaeozoic 
rocks occupy Cornwall and Devon, Wales, North of Eng- 
land, and Scotland: The Tertiary rocks, it will be seen, lie 
principally in two districts, called the London basin, and 
the Hampshire basin, respectively. When the Tertiary 
clays and sands of the London basin are penetrated by 
borings or wells, the C/uilk is reached, and beyond the 
limits of the Tertiary strata, the members of the Creta- 
ceous strata come to the surface in succession. Tracing 
the Cretaceous formations towards the west, we at length 
find the Oolite coining up from under them * the members 
of the Oolite having, like the Cretaceous strata, a general 
dip to the east. Passing across the outcrop of the Oolitic 
series as they come to the surface one after another, we 
come to the Lias; the Oolite, in many places along the 
boundary, forming an escarpment wluch overlooks the 
lias, plsonly showing that at one time the Oolite extended 
farther to the west than it does now. The Chalk, how- 
ever, extended even farther than the Oolite; and an 
isolated patch will be seen on the map, which rests directly 
on the Trias and Palaeozoic rocks in Devonshire. Still 
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farther to the west, we reach the Trias^ coming up from 
under the lias. Proceeding farther, we come upon the 
Palaeozoic rocks, which cover at least two-thirds of the 
whole island. Being more disturbed than the newer 
rocks, the Palaeozoic strata have not the same imiformity 
of dip as the former * but still, the general dip is to the 
east ; and we find the lowest members, for the most part, 
in the extreme west and north, — ^the oldest known rocks, 
the Laurentiomy occurring in the Hebrides and north- 
western extremity of Scotland. 

The Palaeozoic strata are usually highly indurated, 
often metamorphosed, and associated to a great extent 
with igneous rocks ; and having suffered much by denu- 
dation on account of their great age, confer upon a great 
portion of the island a rugged and mountainous character. 

We shall now proceed to study the various formations 
in their chronological order, commencing with the oldest. 
In the study of rocks, palaeontology must necessarily 
take a prominent position, not only on account of the 
great importance of fossils in identifying formations, 
but from the fisust that the distribution of life in time is 
an important study in itself. It is hardly necessary to 
mention, that in studying the various formationci, con- 
stant reference should be made to maps, sections, and 
fossila 



CHAPTER XIV. 

PAL-aozoic Formations. 

123. AntiqTiity of the Oldest known Bocks.— In be- 
ginning our study of geological history with the oldest 
known rocks, we do not at first acquire so strong an 
impression of their antiquity as we shall on looking 
back upon them when we Imve glanced at the history 
of the long succession of rocks which followed them. 
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When, however, we think of the yast number of sfcrata 
that are proved by superposition to be of different ages, 
their miles of aggregate thickness, the slowness with 
which these deposits were made, the many breaks pointed 
out by intervals, and the vaster ones represented by un- 
conformities, we do form some vague idea of the remote 
period of time at which we commence our geological 
history. 

Even the oldest known rocks are stratified, which 
points at once to a period still more remote, when other 
rocks existed, which, by their destruction, furnished the 
material composing these. 

Laubentian Series. 

124. Lanrentian Bocks. — ^The oldest rocks at present 
known in the British Isles occur in the outer Hebrides, 
and in the north-western parts of Sutherland. They are 
probably of the same age as that of a vast series of rocks 
occurring in Canada, on the shores of the St Lawrence, 
from which river the name of the group has been derived. 

Both in Canada and Scotland the Laurentian rock^ are 
overland by strata considered to be of Cambrian age, but 
no rocks have hitherto been discovered uTiderlying them. 
In this way they are proved to be older than aU other 
known rocks. 

The Laurentian rocks of Canada consist of highly meta- 
morphosed sedimentary strata, not less than 30,000 feet 
(over five miles) in thickness. They are divided into 
two series by an unconformity, the upper series lying 
unconformably on the lower. Gneiss is the principal 
rock; but in the lower series it is interstratified with 
beds of crystalline limestone. 

In Scotland the Laurentian rocks ai'e much contorted, 
and consist, like the Canadian rocks, of gneiss, with 
occasional beds of altered limestone. 

125. Laurentian Life. — ^The Laurentian rocks are so 
old, and so much altered by metamorphic action, that we 
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should scarcely expect to find any trace of animal or 
vegetable remains in them. But in the limestones of 
the lower Laurentian rocks of Canada, a fossil occurs 
named Eozoon^ Ganad&me, It consists of calcareous 
layers of what was once a series of cells ; the cells, for- 
merly occupied by the soft bodies of the animals, being 
now filled up with calcareous 
matter. The cells communi- 
cated with each other, and were 
. built up layer upon layer, so 
that large reefs of limestone 
were, formed resembling the 
reefs built by the coral polyp 
at the i^resent day. Under the 
microscope the cell walls of the 

Fi^. 28. Eozoon are seen to. be pierced. 

by many minute tubes (tubuli), 
which shows it to belong to the group of a.Tn'ma1s called 
foraminif&ra. 

Other species of Eozoon have been lately discovered in 
rocks believed to be Laurentian, in Bavaria, Bohemia, 
and Finland. No fossil has yet been discovered in the 
Laurentian rocks of Scotland. 

Lidependently of the existence of the Eozoon, the very 
beds of limestone themselves indicate the existence of 
animal life at this period; for we know of none but 
organic means by which thick and extensive beds of 
limestone can be formed. Also, occasional layers of 
graphite 2 are found in the Canadian rocks, which render 
the presence of plant life probable. 



Eozoon Canadense (magnified). 



Cambrian Series. 

126. Cambrian Rocks. — ^A series of sandstones and 
slates, older than the Silurian, appear at the surface in 

1 Gr. 605, dawn ; zoon^ animal. 

* Otherwise known as plumbago and blacklead ; really a form 
of the element carbon. 
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several small areas in North Wales. These are called 
Camfhbriom,^ They dip below the Silurian to the east, and 
make their appearance again in the Longmynd, a hilly 
district in Shropshire, and in a few other isolated patches, 
one as far to the east as Chamwood Forest in Leicester- 
shire. In the Longmynd the series is over four miles 
in thickness. ' 

Cambrian rocks occur also in the English Lake district, 
in Lreland, Bohemia, and elsewhere. 

Li the absence of fossils, it is difficult to assign the 
proper age to strata when the test of superposition fails 
us. For example, in Canada the Laurentian rocks are 
covered by a thick series of unfossiliferous slates and 
quartzites, called the Huronian group ; and these, in their 
turn, are overlaid by Silurian rocks, the latter being easily 
identified by their, fossils. Again, in the north of Scot- 
land the Laurentian gneiss is covered unconformably by 
a group of strata consisting^ of red and purple sandstones 
and conglomtoites destitute of fossils ; and upon these 
rest, also unconformably, metamorphosed rocks of Silurian 
age. We infer at once that the Huronian rocks of Canada, 
and the group of sandstones and conglomerates of Scot- 
land, are both newerthan the Laurentian, and older than 
the Silurian ; but there is nothing to show that they were 
actually contemporaneous with each other, or with the 
Cambrian. 

The rocks overlying the Laurentian rocks in Scotland 
are provisionally called Cambrian. The conglomerates of 
this series are partly made up of pebbles of gneiss, evi- 
dently derived from the Laurentian rocks which formed 
land at the time. More than this, the pebbles inform us 
that the Laurentian rocks were already metamorphosed 
into gneiss when the formation of the conglomerates 
commenced. 

Many of the Cambrian sandstones are rain-pitted and 
ripple-marked, showing them to be shore accumidations. 
Red and purple sandstones are common; and as later 
* From Ocmbria, the ancient name of "Waleg. 
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Fig. 29.— Oldhamlaradiata; 0. sniiqoA. 



red rocks prove to be for the most part of lacusti-ine 

origin, it is not unlikely that many of the Cambrian 

strata were deposited in large lakes, possibly fresh-water. 

The Cambrian slates of North "Wales are quarried to a 

large extent. The lar- 
gest slate quarries in the 
world lie in the Cam- 
brian rocks of Carnar- 
vonshire. 

127. Cambrian Fos- 
sils. — ^The fossils hith- 
erto furnished by Cam- 
brian strata are scanty 
and of few species. At 
Bray Head in Ireland, 
two species, probably 
belonging to the polyzoa, have been found, and named 
Oldhamia radiata and 0. a/atiqua respectively. 
"Worm tracts and burrows have been found in the 
Longmynd. More lately, the Cam- 
brian beds in the neighbourhood 
of St Davids, Pembrokeshire, have 
yielded, besides lower forms, brachi- 
I opods,pteropods, and trilobites, some 
of the latter of very large size. 

The trUobite was a crustacean, and 
the order to which it belongs par- 
ticidarly characterises the Palseozoic 
rocks from the Cambrian to the 
Devonian. It derives its name from 
the three longitudinal lobes into 
which its body was divided. It was 
protected on titie back by a cmstace- 
ous covering consisting of a plate 
shielding the head, below which were 
a series of segments jointed together, 
and terminated byatail-plate. These 
hard coverings are the only parts found fossil Little 




Fig. 80. 

Cambrian trilobite 

(Paradoxides Davidis), 

MOth natural tixe. 
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or nothing is known of the covering and append^es of 
the ventral portion of the animal. 

Silurian Formations. 

128. Silurian Bocks. — ^The Cambrian rocks in Wales 
pass upwards without any apparent break into the lowest 
of a series of rocks called JSHuricm.^ These cover a large 
portion of Wales, and extend into the neighbouring 
counties of England. 

An unconformity separates the series into two groups 
— Slower and upper. The former are mainly exposed in 
the west, and the latter in the east of the district above 
mentioned. 

The following is the succession of the Silurian forma- 
tions in Wales and adjoiniog counties of England : 



Upper, - 



Lower, 



Ludlow Group, 



Wenlock Group, 



Tilestones, . 
Upper Ludlow, 
Aymestry Limestone, 
^ Lower Ludlow, 
rWenlock Limestone, 
J Wenlock Shale, . 
I "Woolhope Liniestoue, 
LTarannon Shale, . 
^ Upper Llandovery Beds, 
' Lower Llandovery Beds, 
Bala and Caradoc Beds, 
Llandeilo Beds, . 
Tremadoc Slates, 
Lingula Flags, . • 



Feet. 

1000 

900 

150 

900 

150 

1400 

50 

600 

900 

1000 

6000 

5000 

1000 

5000 



Cambrian rocks. Lingnla Flags. Llandeilo Bala Beds. Upper 

Flags. Silui'ian. 

Lower Llandovery. 
Fig. SI. ^Section across the country south of Lake Bala. 

lAngula Flags, — ^This is a series of dark shales and 

^ From the Silures, a tribe of ancient Britons who inhabited 
part of South "Wales. 
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flagstones wHch conformably succeed the Cambrian rocks 
in Wales. They owe their name to a fossil they contain 
called LinguleUa (formerly called Idngula). 

Tremadoc Slates, — ^This is a local formation, occurring 
only in the neighbourhood of Tremadoc in Carnarvonshire. 

Llandeilo Beds. — ^These consist mainly of dark slates 
and sandy flagstones, with occasional beds of sandstona 
They are exposed in the neighbourhood of Llandeilo, 
also in North Wales. 

Bala Beds, — ^A group of strata developed in the neigh- 
bourhood of Lake Bala, consisting chiefly of slates, shales, 
and grits, with two beds of limestone. (Fig. 31.) 




liOvrcr I Woolhopo 
Silurian. Limestone. 

Upper liandovery. 



Wenlock 
Limestone. 



Lower 
Ludlow. 



Upper 
Ludlow. O.K. 8. 



Aymestry Limestone. 



Fig. 82.— Section across Wenlock Edge. 

Lla/ndovery Beds. — ^These are often denominated the 
passage beds, connecting, as they do, but with missing 
links, the Lower and Upper Silurian series. They are 
well exposed in the neighbourhood of Llandovery in 
Carmarthenshire. The lower beds consist of conglo- 
merates, sandstone, and shales, and upon these lie v/n- 
conformablyy the conglomerates and sandstones of the 
Upper Llandovery formation. It is this unconformity 
which separates the upper from the lower Silurian. 
These beds are also known as the Fentamenis Beds, from 
the large numbers of a fossil brachiopod of this name 
found in them. 

Werdock Group, — ^This group consists mainly of lime- 
stone and shales. It is well exposed in several parts of 
Herefordshire and neighbouring counties ; for example, 
at Wenlock Edge (Fig. 32), Woolhope Yalley, and the 
west flanks of the Malvern Hills. 
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Ltidlow Group, — ^This group also consists of limestones 
and shales, and is developed, among other places, about 
Ludlow in Shropshire. 

Silurian rocks also occur in the Lake district 
(Cumberland and Westmoreland). The formations in 
this district usually differ in lithological characters 
from those in Wales, but the geological horizons re- 
presented by the formations in Wales have been traced 
in them,, principally by aid of the fossils they con- 
tain. 

The BUghlands of Scotland mainly consist of lower 
Silurian rocks. These lie unconformably on the Cam- 
brian, and are much crumpled and metamorphosed, being 
changed into quartzites, gneiss, and schists, and associated 
with great bosses of granite and syenite. There are also 
some beds of altered limestone which have yielded a few 
fossils, and it is by means of these fossils that the series 
are recognised as Silurian. 

Interbedded with the Llandeilo and Bala Beds in North 
Wales, are many volcanic lavas and ashes, indicating the 
action of marine - 
volcanoes in these '^, 
times. Snowdon 
exhibits many beds 
of this descrip- 
tion, some of which 
are of great thick- 
ness. 

129.SilurianFos- 
sils. — Silurian 
rocks, especially 
the upper ones, 
abound with fossils 
belonging to many 
different classes, 
from fishes downwards, and with one exception (a land 
plant) they are all marine forms. 

liAND Plants are represented in the Upper Ludlow 




Fig. ZS.—Oraptolites^ 



Digitized by ^OOgie 



86 OEOLOQY. 

Beds by the spore cases and fragments of a cryptogamio 
plant. This is the first appearance of land plants. 

Graptolites (pen-stones, Fig. 33) are very character- 
istic, being only known in Silurian rocks. They first 
appear in the Ti-emadoc Slates, become abundant in the 
liandeilo and Bala Beds, are scanty in the Upper Silurian, 
and disappear before its close. 






Pijr. S4.^Halysite$ Pig. M.—Omphyfna • Fig. B6.—FavoHte9 

catenulaHits. Upper and Lower twrbinaium. Wen- OotMandica. Bala 

Silurian. lode to Ludlow. 

Corals are abundant^ such as Omphyma, Fa/vosUes, and 
Halysitea (chain coral). 

Brachiopoda are very common. LinguleUa Dcmsii 
occurs in the lingula Flags. The genus to which it 





Fig. Sr.—LinguUUa Fig. 98.—Atrypa rdiciOarU Fig. Sd.—Siroj^Mmena 
DaviHi. Lingula Llandoyer/ to Ludlow. depressa. wenlock 

Flags. and Ludlow. 

belongs closely resembles the liviog genus Lingula, The 
genera Orthis, Spiriferaf JRhynconeUa, Fentamerus, and 
Atrypa, occur plentifully. 

Lamellibranchiata (ordinary bivalves) are repre- 
sented, but the number of species is far exceeded by the 
brachiopod bivalves. 
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Gabtebopoda. — Murehisonia and EuomplMlua are 
abundant. 

Ptebopoda. — ^Xhe genera Theca and Bdkroplion are 
examples. 

Cephalopoda. — ^This class makes its first 
appearance in the Tremadoc Slates. Ortho- 
ceras (straight horn) is the most important 
genus. 

EOhinodermata are represented by Patew- 
ter (a star-fish) and Fseiuiocrvrms (an encrinite). 

Gbustacea. — TrilobUes are very abundant ; 
many genera and species occur. Figures of ^W- 
nticlms, Fhdcops, and CcUj^mene, are given; 
these are well known, as are also OUnuSy 
Ogygia, AsaphvSy HUsmis, Ampyx, and Hcrma- ^ig. 40.— or- 
Imiotvs. Some of the trilobites seem to have fhocemt an- 
had the power of rolling themselves into a ball, "to WmScS?* 
as the woodlouse does ; the CaZyTnene is often 
found in this condition. The lingula Flags yield a 
shrimp-like crustacean called HymenocaHa, 





Fig. 41— Pftoeopt 

eaudatus. Upper 

Silurian. 



Fig. 42.— TVinuetnct 

fimbriatiu. Ll&n- 

deilo. 



Fig. 4Z.—Catymene BluPien- 
hachii. £ala to Ludluw. 



FiSH Hemains. — ^Teeth and fragments of bone arc 
common in a stratum at the top of the Upper Ludlow 
known as the " JBone Bed" A fossil fish has even been 
found in the Lower Ludlow, and is the oldest known 
vertebrate. 
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Old Red Sandstone and Devonian Formations. 

130. Old Bed Sandstone Bocks. — In the district about 
Herefordshire and Shropshire, the uppermost beds of 
the Silurian series pass insensibly into a group of red 
sandstones, flagstones, conglomerates, etc., knowh as 
the Old Red Sandstone, Similar rocks occur in Scot- 
land and Ireland. The prevailing rock is sandstone, 
coloured with red oxide of iron; hence the name 
"Red Sandstone." It is further called "Old," to dis- 
tinguish it from the New Bed iSa/ndstone, a formation of 
the Trias. 

In Scotland two distinct unconformities separate the 
Old Red Sandstone into three series, called Lower, Middle, 
and Upper. These unconformities have not been observed 
in the Herefordshire district, but still they may exist, for 
the whole of the series is not exposed. Parts of the 
Old Red Sandstone often lie unconformably on both 
Upper and Lower Silurian Rocks. 

In the Herefordshire district the Old Red Sandstone 
is 8000 or 10,000 feet in thickness, but in Scotland it 
does not reach more than half this thickness. 

131. Old Bed Sandstone Fossils. — ^Where the Uppei 
Silurian passes into the Old Red Sandstone, as in Here 
fordshire and Staffordshire, the Silurian species present in 
the " Passage Beds " gradually become dwarfed and few 
in number, and soon disappear, being replaced by others, 
chiefly remains of flshes, crustaceans, and plants'; but 
none of these are at all plentiful. Marine shelli} and 
corals are entirely absent. 

Land Plants. — ^Fragments are frequently found in the 
iipper beds of the Herefordshire district, Ireland, and 
elsewhere. They consist of club-mosses, tree-ferns, Lepi- 
dodendron, etc. 

Shells. — "No shells are found in the Old Red Sand* 
stone of Great Britain. In the upper beds in Ireland a 
bivalve shell is abundant, resembling the fresh-water 
mussel of English rivers {Anodon)) it is called JLnodmU^ 
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Ckustacea. — ^Remains of large crustaceans are found 
in Porfarshire, to which the name Pt&rygotus is given. 
The qnarrymen call them seraphimis. These creatures 
had elongated bodies like the 
lobster, and were often 6 or 6 
feet in length. Among the re- 
mains of numerous grass-like 
plants found in these rocks, occur 
groups of semi-elobular bodies, ^«- ^—Awi^ixmiaJvkttii. Upper 
caUed hemes by the quanymen. **"* "^ ^'"°""' '"^'^ 
They resemble the eggs of crustaceans; and as they 
are sometimes accompanied by the remains of the Ptery- 
gotus, it is highly probable they 
are the ^^ packets of that cnis- 
tacean. 

Fishes.— The Old Red Sand- 
stone is remarkable for its fish 
remains, which are so numerous 
that the period has been styled 
the "Age of Fishes." Fish 
remains are especially abundant 
in the Old Red Saiidstone of 
Scotland. The fishes were mostly 
of the gcmoid^ type, being cover- 
ed with bony and enamelled 
plates, like the sturgeon now 
living. Some were placoidy^ 
the skin being dotted with nu- 
merous small plates or points 
of hard bony matter, like the shark. In no case was 
the skeleton perfectly hardened, and their tails were all 
unequally lobed. Among the most remarkable of these 
fishes are Asterolepis, a huge fish, often attaining a length 
of between 20 and 30 feet; Hohptychiua, also a large 
fish, and having peculiar wrinkle-like marks on its scales ; 
PfertcA^Aya, covered with large bony plates, while its 
single pair of fins takes the form of paddles, and being 

* Gr. ganoSf brightness. * Gr. plax, a flat plate. 

G 
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(restored). Forfarsliiie. 



90 



GEOLOGY. 



placed near the head, looks like a pair of wings; 
Gephcdaspis, remarkable for the peculiar shield-like plates 
about its head ; Osteohpia^ Coocosteus, and Dipterua rm.j 
also be mentioned. 




Fig. 46.— Group of Old Bed Sandstone Fishei. 
a HoloptycMus. b CeplialaspU, c Pteruhthyi. 

132. Conditions under which the Old Bed Sandstone 
was Deposited. — ^The Old Bed Sandstone appears to have 
been deposited in great inland lakes, probably salt at 
first, but at length decidedly fresh-water. We are led 
to this conclusion by the following considerations. The 
change of species accompanying the gradual passage of 
the Upper Silurian into the Old Red Sandstone implies 
a change of conditions, the new conditions having been, 
unfavourable to ordinary marine life, as no marine shells 
or corals occur, and calcareous beds are altogether absent; 
the land plants indicate the nearness of land ; and the 
fishes, the genera of which have long been extmct, have 
their nearest representatives living in African rivers, 
and in lakes and rivers of North Ajnerica. 

It would seem that during the later part of the Silu- 
rian period, the neighbourhood of the British Isles, at 
least, was slowly rising, and at length the Silurian dis- 
tricts in WaleS;; Cumberland^ and Scotland became hind^ 
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endosing a series of extensive lakes, in wMch the Old 
Red Sandstone was deposited, the material being derived 
from the waste of the surrounding Silurian and older 
rocks ; the red oxide of iron, which is so prevalent in this 
formation as a colouring and cementing material, having 
been probably derived from the waste of igneous or meta- 
morphic rocks. 

Tie base of the Old Red Sandstone in Scotland con- 
sists of conglomerates, among which are many huge 
masses, so large as to render it scarcely possible that 
"" water could have carried them to the place where they 
are found. Moving ice seems. to be the only agency 
capable of transporting and accumidating blocks of so 
great a size. Hence these coarse conglomerates of Scot- 
land point to a cold climate at this period, when glaciers 
ploughed their way down the valleys of the early Scottish 
mountains, and deposited their moraine rubbish in the 
Old Red Sandstone lakes. 

133. Devonian Bocks. — ^In Devon and Cornwall a 
series of calcareous and slaty strata overlie the Silurian 
Rocks, and are in their turn overlaid by strata of the 
Carboniferous age. This formation is termed Devonian ; 
it is probably conteAiporaneous with the Old Red Sand- 
stone. 

The Devonian Rocks are all much disturbed, contorted, 
and intermingled with igneous rocks. They are usually 
divided into three groups. Lower, Middle, and Upper. 

The term Devonian is sometimes applied to the 
whole period intermediate between the Silurian and 
Carboniferous, and including the Old Red Sandstone. 
Rocks of this age are extensively distributed throughout 
the world. In the United States, Devonian Rocks cover 
an area nearly as large as Europe. 

134. Devonian Fossils. — ^Tho Devonian Rocks abound 
with corals, marine bivalve and univalve shells, trilo- 
bites, etc ; and in this respect contrast strongly with 
the Old Red Sandstone. The nature of the Devonian 
fossils places its jp^rine origin beyond a doubt ; hence, if 
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this formation is contemporaneous with the Old Red 
Sandstone, it gives ns a clue to the marine condi- 
tions coincident with the continental state of things 
represented in a fragmentary manner bj the " Old Red " 
deposits. 

Plants are represented by similar species to those 
of the Old Red.Sandstone. 
In North America, plants 
are very abundant, and re- 
semble for the most part 
those of the Carboniferous 
series lying above. 

Corals are very abun- 
dant. CyathophyUuviy Far 
vositeSf Spongites, and Heli- 
olites, are examples. 

Shells. — ^Amongthebra- 
chiopods,thegenera/Sjpirj/er, 
Stringocephalua, and AtrypA 
are common. The conchifer Megalodon is charactenstia 
Gasteropods are repi'esented by EtLomphaikba and Mur- 

chisonia, Thecephalo- 
pods Clymmia, and 
Goniatites occur in the 
upper beds. 

Crustacea. — ^Trilo- 
bites are represented 
by Broiites, PhcMops, 
Homalonotus, and 
other genera. 

Insects. — Several 

species allied to the 

dragon-fly have lately 

been found in the De- 

These are the oldest known 



Pig. 47. 

Favosites cervicornU. 

S. Devon. 




F!g. 48. 
Stringocephahti 

Burtini. 
Middle Devonian. 



Fig. 49. 
Megalodon cueul- 



vonian Rocks of Canada, 
insects. 

Vertebrates. — Fish remains occur, but are rare in 
the Devonian rocks of England. 
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Carboniferous Formations. 

135. Carboniferous Rocks. — ^In South Wales the Old 
Red Sandstone is conformably succeeded by a series of 
black shales, which form the base of the group of forma- 
tions cail^e^ Ca/rhoniferovs. This name has been given 
to the group on account of the remarkable prevalence in 
it of beds of coaL In several places Carboniferous 
Rocks are found lying directly and unconformably upon 
Silurian, and even Cambrian Rocks. 

The following are the principal members of the Car- 
boniferous series, as exhibited in Wales and the south of 
England : — 

'\ Upper. 
Coal Measures, V Middle. 
J Lower. 
Millstone Grit. 
Upper Limestone Shale. 
Carboniferous Limestone. 
Lower Limestone Shale. 

The Cao'honiferoua Limestone in Derbyshire, Wales, 
and south of England, consists chiefly of beds of semi- 
crystalline limestona Being much carved by denuda- 
tion in many places, it gives a mountainous character to 
the districts; hence the name '^ Mountain limestone,'' 
by which it is often known. 

The Millstone Grit is a coarse sandstone, often passing 
into a conglomerate, and associated with beds of shale. 
The name is derived from the use to which some of the 
finer gritstones are applied. In the South Wales dis- 
trict file Millstone Grit is called by the miners the 
"Farewell Rock," no beds, of coal occurring below it. 
In Scotland it is represented by the " Moor Rock." 

The Millstone Grit, together with the Carbomfei-ous 
Ximestone, and Upper Limestone Shale, or their equi- 
valents, form a wide mountainous band stretching from 
Derbyrfiire to the Cheviot Hills. 

In Derbyshire the Carboniferous Rocks form a broad 
... • 
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anticlinal curve, the axis of which runs north and south. 
The Carboniferous limestone, the lowest of the series 
which is exposed, occupies the highest portion of the 
^urve, and is flanked on the east and west by the Upper 
Limestone Shale (Yoredale Bocks, etc.), and these in 
their turn are covered by the Millstone Grit, which pre- 
sents long escarpments to the axis of the curve. Best- 
ing upon the Millstone Grit on either side of the district, 
are the Coal Measures ; those to the east forming the 
great Derbyshire and Yorkshire coal-field ; those to the 
west, the North Stafford and Lancashire coal-fields. 




Fig. 60.— Section across the Garbonlferoiu Limestone of Derbyshire. 

1. Carboniferous Limestone. 4. Ck>al Measures. 

2. Upper Limestone Shale. 5. Peimian. 
S. Millstone Grit. 6. Trias. 

Lodes rich in galena (sulphide of lead) are numerous 
in the Carboniferous Limestone of North "Wales, Derby- 
shire, and other places. 

136. Coal-Beds. — ^Although coal itself is not neces- 
sarily of any particidar geological age, yet the Carboni- 
ferous Bocks of Europe and North Ajnerica contain far 
more coal than all the other formations put together. 
Li the southern coal-fields of Great Britain the coal-beds 
are confined to the Coal Measv/res lying above the Mill- 
stone Grit ; but in the north of England) rocks equivalent 
to the Millstone Grit contain coal, and many of the Scot- 
tish coal-beds are of still older date. The principal coal- 
fields of Great Britain lie in South Wales and the adjoining 
English counties, in the central and northern counties of 
England, and in the south of Scotland. It is probable 
that the greater number of the British coal-fields origin- 
ally formed one continuous bed, but have since been 
separated by contortion of the strata and subsequent 
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denudation. This is very evident in the case of the 
South Wales and Forest of Dean coal-fields. 

Coal-beds, like parts of many other formations, often 
occur in basins (108) ; not that they were originally de- 
posited in basins, but having suffered disturbance where- 
by they were bent into curves, and being comparatively 
soft and easily wasted, .they have been removed by denu 
dation in those places where they formed anticlinal curves; 
while in those districts where the strata became depressed 
into basins, they have been protected from the action of 
denuding agents^ and so preserved. 




Fig. 51.— fladfon Ihrongh the Bristol Coal-field. 

1. Old Bed Sandstone. 4. Coal Measures. 

2. Carboniferous Limestone. fi. Trias. 
8. Millstone Grit. 6. lias. 

7. Lower Oolite. 

In Ireland the Carboniferous strata have not been 
much disturbed, and the consequence is, that although 
the Carboniferous limestone is largely developed, there 
is very little coal, except in a few places where the strata 
have been bent into basins. 

In sinking shafts through the coal measures in the 
search for coal, many seams are usually passed through, 
interstratified with beds of shale, sandstone, and ii*on- 
stone. Coal seams vary in thickness from a few inches 
to many feet In the South Wales coal-field no fewer 
than eighty coal seams are passed through, having an 
aggregate ^ckness of not more than 120 feet. 

137. Volcanic Bocks of Carboniferous Age. — ^English 
Carboniferous Bocks are often greatly bent and much 
faulted, but volcanic rocks are quite unknown, except in 
the case of the Carboniferous Limestone of Derbyshire, 
which has intercalated with it three thick beds of a kind 
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of greenstone locally called " toadstone," often associated 
-with clays which hav^ resulted from the decomposition 
of the volcanic ash which accompanied the outpouring of 
the lava. (See 43.) In the Carboniferous Bocks of Scot- 
land beds of lava and volcanic ashes are very numerous. 
138, Carboniferous Limestone Fossils.— Coeals such 
as Syringopway lAtlmi/rotimy Ampkxus^ etc., are common. 





Fig. SL—Syringopora ramuloaa. Fig. bZ.—Liihx>2tTotUm IxMotti/orm*. 

Shells. — ^Among the brachiopods the genus Spvrifera 
is common; it is so called from 
the pair of internal spiral pro- 
^ cesses the shells contain. Pro- 
ductv^ is also common. Terehro 
tula hastata is characteristic ; so is 
the gasteropod Euomphal'Vba penta/nr 
gulatus. Among the cephalopoda, 
Yig.^-SpinfeTaBtTUHm. ^^^ ^^^^^ Goniatites and NautU 

lu8y first met with in the Upper Devonian, are found 





Fig. 55.—Froduettugiganteui^ Fig. BQ.—Btumphalus peniangutahts. 

here ; so also is the Orthoeeras, The genera Goniatites 
and Orthoeeras become extinct shortly after the Carboni- 
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ferous period, but the NautUua persists to the present 
day. 

EcHiNODEBMATA. — Ciiiioids, Or sea-lilies (82), especially 
characterise these rocks. Pentremites, Actinocrinus, and 
Cyathocriniis are characteristic genera. Some of the lime- 
stones of Derbyshire consist almost entirely of encrinital 
stems. 





Fig. 67.— Weathered Encrinital Limestont. Fig. 58.— ^cfinocrtniM. 



Crustacea. — Among other cmstacea, the trilobites 
are still represented; but this is their last appearance. 
FhiUipaia and one or two others occur ; they are, how- 
ever, of small size and rare. 

Fishes. — Some of the Old Eed Sandstone genera occur; 
among them Holoptyckiva, together with new genera, as 
Megalichthys, Fsammodus, Cladodtis, eta 

139. Fossils of the Goal Measures. — The coal itself 
has undergone so complete a change that it does not 
usually eidiibit a vegetable structure. In the shales, 
however, which accompany beds of coal, carbonised fern 
leaves and other parts of plants are niunerous. 

Plahts. — ^The fronds of tree-ferns are numerous in the 
shales. Fecopteris and Neuropieria are figured ; besides 
these, there are Splienopteris, Cyclopteris, and many 
others. The stems of huge reed-liie plants allied to the 
horse-tails, named Calamites, are very common. 

The bark and stems of a large tree named SigiUcvria 
are abundant. The bark is marked by a series of im- 
pressions differing in pattern with different species. The 
roots of this tree are found in a separate stratiun imder- 
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neath the coal. They were long thought to be the stems 
of another plant, and still go by the distinct name Stig- 
inaria Jicoides, The nearest representative of this large 




Kg. B9.—Pecopteris. Pig. W.—Neuropterii. Pig. CL^Calamitti, 

tree is the little club-moss of the present time. The 
Lepidodendron is another large tree, with a peculiar 
scale-like bark, and still more closdy allied to the club- 
moss. The leaves of this tree have been found attached 




Pig. eLSigiUaria, a bark with pittings; h root {Sligmariafieoid€»). 

to the stem, and its fructification, consisting of cones 
made up of spore cases, is frequently found, and has 
received the name Lepidosirohua, The higher orders of 
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plants are represented by coniferous trees allied to the 
pine. 




Fig. GS.—L^idodendron. a small branch; h bark with scale-like markings 
spirally arranged; e fructification {Lepidostrobua). 

Shells. — Goniatites and Aviculo-pecten, both marine. 
Anthracoaia (allied to the Unio), probably fresh-water. 
Land shells occur in the coal measures of Sfova Scotia. 

Insects. — ^European and North American coal-beds 
yield white ants, grasshoppers, cockroaches, and others. 

Reptiles. — ^Remains of Archegosawrus and other large 
amphibians occur in European coal-beds. In North 
America many species of reptiles have been found. 

140. Conditions under which the Garboniferoas Rocks 
were Accmnnlated. — ^After the deposition of the Old Red 
Sandstone in the British area, the land must have slowly 
subsided, the Lower Limestone Shale marking the transi- 
tion from fresh to brackish-water. As the sea deepened, 
and marine conditions set in, the deposition of the Car- 
boniferous Limestone took place ; its corals, encrinites, 
and sea-shells establishing its marine origin. In the 
North of England and Scotland considerable oscillations 
of level evidently occurred at this period, for the group 
of beds below the Millstone Grit contains several fresh- 
water and terrestrial (coal) beds. After the deposition 
of the Millstone Grit in the British area, a general emer- 
gence of the land and shallowing of adjacent seas took 
place, followed by the accumulation of the Coal Measures, 

Digitized by ^OOgie 




100 ^^C5^:^ GEOLOGY. 

consisting of an alternation of terrestrial^ fresH-water^ and 
marine beds. 

141. Formation of Beds of CoaL — ^The vegetable origin 
of coal having been demonstrated (84), we may now 
endeavour to ascertain bj what means extensive beds of 
vegetable matter were aocimiiilated, and subsequently 
converted into coal ; also, how it happens that manj^beds 
of coal occur in one series with interbedded stales, sand- 
stones, and ironstones. 

The quantity of coal belonging to this period indicates 
a remarkable profusion of vegetable growth. Fossils 
show this vegetation to be terrestrial, and to consist 
chiefly of cryptogamic plants. The character of the plants 
point to a climate, not necessarily tropical, but warm, 
moist, and free from extremes. 

The freedom of coal-beds from the detritus of the land, 
the upright stumps of trees foimd in them, also the in- 
sects and land-shells, suggest that the vegetable matter 
which afterwards formed the coal accumulated on the 
spot where it had grown, an 1 this is put beyond all doubt 
by the existence under almost every bed of coal of a 
stratum of clay, or some such material, known as the 
underclayf and which is full of stigmaria, and other roots 
of plants, to the exclusion of other forms of fossils. The 
underclay undoubtedly represents the original soil upon 
which the plants now forming the coal-beds grew. 

The extent of many coal-beds shows the original 
forests, jungles, or peat-mosses, which gave rise to the 
coal, to have been of great magnitude ; and the thickness 
of many beds shows the growth to have been undisturbed 
for long periods of time, untU a considerable amount of 
peaty matter had accumulated beneath the forests and 
jungles. In some cases whole forests are found com- 
pressed into strata biit a few inches in thickness. 

The stratum which covers each bed of coal is usually 
fresh-water, indicating that the vegetable matter was 
accumulated on low-lying ground,, near the estuary of a 
river, which ground being subsequently depressedi bo- 
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came part of the estuary, and received fresh-water 
deposits. Sometimes marine deposits rest immediately 
upon the coal, but in either case it is dear that subsidence 
of the peat beds, or other vegetable matter, took place. 
A pile of coal-beds, interstratified with clays, shales, 
sandstones, etc., implies that the district was frequently 
above or near the surface of the water, and as frequently 
depressed below -it. For such a series to be formed, it is 
not necessary that there should be any actual upheaval ; 
the only essential condition being a gentle subsidence, with 
periods of repose, during which the shallow waters of the 
estuary would become sufficiently silted up for vegetable 
matter to resume its growtL An alternation of delta 
deposits, vegetable growth, and submergence, would in 
time give rise to a series consisting of numerous beds of 
coal interstratified with shales, sandstones, and ironstones, 
as we find them in our coal-fields. 

Permian Fokmations. 

142. Permian Bocks. — ^The Carboniferous series in 
England is succeeded unconformably by a group of strata 
called Permian,^ which lie in hollows produced by denuda- 
tion in the older rocks. The older members of this series 
occur in many small areas in the south of Scotland, 
Cumberland, and Lancashire, and border many of the 
coal-fields in North "Wales and districts to the south of 
this. The upper member of the series — ^the Magnesian 
limestone — ^is chiefly exposed in a long naiTow band 
which borders the east side of the great Derbyshire and 
Yorkshire coal-fields, and extending to Northumberland, 
skirts the east side of the eoal-field there. All along 
this line the Magnesian Limestone presents a scarped 
edge to the west. Permian rocks are well developed 
in Germany. 

The following is the succession of the Permian series 
in England and Germany : — 

^ From Perm, a Russian province, where rocks of this age 
occupy an area twice the size of France. 
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England, Germany, 

St^ifarL^Se. t Zochstein (mine stone). • 

Marl Slate. Kupfer Schiefer (copper slates). 

TEoSgrn^er"*' ! Eothliegende (red layers). 
The RotJdiegende consists of red sandstones, marls^ 
and breociated conglomerates. The Man'l Slate is a band 
of marls and calcareous shales. Magnesian limestones 
are prevalent above the Marl Slate, but not exclusively 
so, nor are magnesian limestones peculiar to this forma- 
tion, occurring, as they do, in the Carboniferous and 
other formations. 

143. Permian Fossils. — ^The fossils of this formation 
are in general very scanty. The unconfonmty of the 
Permian strata on the Carboniferous is associated, as we 
might expect, with a considerable change of species. 
Many of the Carboniferous genera of plants appear, but 
they are all of new species. Among the Palseozoic 
fauna — Penta/meiras, Strophomena, EuomphaluSy Goni- 
atitesy Orthoceras, Oephalaspis, and many others, which 
existed up to this time, now finally disappear as far as 
British strata are concerned. Notwithstanding this great 

change, the fauna and 



mm 



flora are much more 
closely allied to those of 
the Carboniferous Bocks 
than to those of the 
Mesozoic formations 
above. 

PoLYZOA. —Among 
these the FenesteUa is 
characteristic. 

Brachiopoda are re- 
presented by FrodttC" 
tu8 Juyrridua, Spin/era 
alata, and others. 

CoNCHiFERA, — ScMzodus, Bakevellia, Fecten, etc. 

Fishes. — ^The Marl Slate abpunds with fish remains. 




Fig. ei.-'FenesUlla rdiformit. 
Magnesian Limestone. 
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Among these are PalcBoniscus, Platysormis, Ccdaccmthus^ 
.etc. 

Reptiles. — ^Footprints occnr in the Rothliegende, near 
Dumfries ; bones of lizards in the slate, near Durham, 
and other places. 

144. Conditions under which the Permian Strata were 
Deposited. — ^Before the deposition of the Permian strata, 
the British and a much wider area, seems to have be- 
come a continental surface, and to have undergone con- 
siderable denudation, resulting in some districts in the 





Fig. W.—Produdus horridvM, Fig. eHi.—Schixodus. 

Ilagnesian lamestone. Magnesian Limestone. 

formation of deep depressions, which subsequently be- 
came salt lakes, and in which the Permian strata were 
deposited. Both in the red rocks, which resemble the 
Old Bed Sandstone, and in the Magnesian Limestone, 
the fossil species are dwarfed and scanty, in this respect 
resembling the &.una of the Caspian Sea at the present 
time. Lajid-plants, amphibian remains, and footprints, 
show the proximity of land. The molluscs, though salt- 
water species, are not necessarily oceanic. 

The Magnesian Limestone appears to have been de- 
posited in a distinct hollow from those in which the de- 
posits of the other Permian districts were made. Beds 
of gypsum are common in its interstratified marls, giving 
additional evidence of its lacustrine origin. The presence 
of carbonate of magnesia with the carbonate of lime can 
be accounted for by supposing the two to have been 
precipitated together in consequence of evaporation in 
a lake saturated with them. The structure of this for- 
mation in many places is such as to render it very impro- 
bable that it is an ordinary or^;anically formed limestone 

Digitized by VjOOQIC 



104 GEOLOdY. 

In Cumberland, South Staffordshire, and other Permian 
districts, evidence is afforded of a glacial period having 
occurred at the commencement of this epoch, similar to 
that which has already been referred to in the case of 
the Old Red Sandstone (132). The Brecciated Conglome- 
rates of these districts contam many huge blocks, together 
with smaller stones, all more or less angular, and scratched 
and furrowed like the moraine stones of a glacier. They 
cannot therefore be water-borne. These conglomerates 
are usually imbedded in a red marly paste, and alto- 
gether resemble, more than anything else, the boulders 
and finer detritus accumulated by glaciers and melting 
icebergs. The blocks have chiefly been brought from 
Wales, the glacier-covered mountains of which must have 
been very much higher than they are now, seeing the 
vast amount of denudation to which they have since been 
subjected. 

145. General Nature of Palaeozoic Rocks and Fossils. 
— ^These rocks, on account of their great relative age, 
have been more subject to disturbance than any others, 
consequently we find they are often berft and contorted, 
faulted, metamorphosed, and associated with volcanic 
effusions. 

The life of the period is remarkable as being confined ' 
to the lower classes of animals generally. Giyptogamic 
plants, corals, brachiopods, crustaceans, echinoderms, and 
fishes are the most characteristic. The corals were four- 
rayed, and the fishes had heterocercal tails, like those of 
the shark and a few other fishes living now. The ordi- 
nary bivalves were much behind the brachiopods in 
point of number and importance, but began to be in the 
ascendancy about the close of the period. No traces of 
mammals or birds have yet been discovered in these 
rocks. 
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CHAPTER XV. 

Mesozoio Period. 

Mesozoio Life. — ^The unconformability of the Mesozoic 
on the Palaeozoic rocks is accompanied hj great changes 
in the nature of the fossils. The majority of the Palaeozoic 
genera are lost sight of, while many new genera succes- 
sively appear. Fishes with homocercal tails now occur, 
as do also six-rayed corals; conchifera outnumber the 




Fig. 67.— Heterocercal tail. Fig. 68.— TTomocercal tall, 

like tliat of the sliark. like tliat of the heiTing. 

brachiopods, and gradually increase their ascendancy until 
the present day ; reptiles become abundant ; and warm- 
blooded vertebrates — ^mammals and birds — are present, 

Triassic Formations. 

146. Triassic Rocks. — Upon the disturbed and de- 
nuded Palaeozoic rocks of England, an extensive series of 
sandstones, marls, and other strata^ lie in nearly horizon- 
tal beds. This series is called the Trias, from its three- 
fold division in Germany : the middle division^ however, 
is absent with us. 

The Trias is extensively developed in England. The 
greater part of it forms one connected mass, occupying 
the central counties, and sending an arm along the valley 
of the Severn, which then in disconnected patches extends 
southwards to the mouth of the Exe in Devonshire. North 
of the town of Derby the great Carboniferous anticlinal 

H 
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separatesthe Trias into two bands, whicli trend northwards, 
on the west side beyond the mouth of the Ribble, and on 
the east as far as the mouth of the Teea The Trisia is 
absent or only slightly developed in Scotland. 
Piviaions :— 



Germany. 
2. New'Eed MarL 8. Keuper (copper). 

2. Mnschelkalk (shell limestone). 

1. New Bed Sandstone. 1. Bunter-Sandstein. 

(variegated sandstone). . 

JN'ew Red ScrndsUyns^ or JBtmter, consists of soft^ red, and 
mottled sandstones, with beds of uncompacted pebbles. 
It thins away to the south-east, and at length disappears, 
the Keuper resting directly on Carboniferous or Permian 
formations. Thickness 700 to 1000 feet 

MuscheUcaJk, — ^limestones, well developed in Germany, 
and full of fossils. ISo representative in England. 

New Bed Mwrl or Keuper. — Consists at the base of com- 
pact sandstones holding back water, called waterstones. 
These are often ripple-marked and impressed with foot- 
prints. The waterstones are covered by a series of beds 
of marl, interstratified with beds of rock-salt and gypsum. 
The average thickness of the Keuper is about 1200 feet, 
but is much greater in Cheshire. Where the Keuper 
rests on the Bunter, it usually does so with a slight un- 
conformity. 

At the base of the Keuper near Bristol is a remark- 
able dolomitic conglomerate containing bones of rep- 
tiles. 

The Keuper marls are remarkable for their beds of 
rock-salt. These are chiefly worked in Cheshire, where 
the series has great ibioknessL At Broitwiohy in Wor- 
cestershire, the salt is obtained from brine pumped from 
these beds. Beds of salt and gypsum are very geneval 
in the same geological horizon. 

The unoonformability of the Trias on the Pabdoi^cae 
ToekM renders the sinking through it for ooal a veiy 
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unceTtam operation. Before tliis is attempted it is neces- 
sary to make a careful study of the lie of the rocks in the 
district. 

147. Triassic Fossils. — ^The Triassic strata of England 
are rarely fossiliferous : land plants, small bivalve crus- 
taceans, fishes, and footprints of amphibians are of occa- 
sional occurrence. It is chiefly to the Muschelkalk we 
have to look for the representative species of the age. 

Plants. — Silicified trunks of coniferous trees, etc., in 
England. EquisetUes, and others, in Germany. 

Shells. — Many species in the Muschelkalk. The 
cephalopod Ceratites Twdoaus is characteristic. 

EcHiNODERMATA. — Encrinites lUiformis, and others, in 
the Muschelkalk. 





Fig. 69.— CeraHfM nodo9M. 
Uuschelkalk. 



Fig. 70.— J^norinw lilifonnU. 
Muschelkalk. 




Cbustacea. — A small crustacean, with a kind of bi- 
valve shell, Estheria mimiia^ is found in 
sandstones belonging to the uppermost 
part of the Keuper in "Worcestershire and 
Warwickshire Also found in the Keuper 
of Grermany. 

Ebptiles. — ^Footprints resembling the 
human band occur in Bunter flagstones at 
Horton Hill, near Liverpool, and other places. Similar 
marks were long since observed in the Bunter-Sandstein 
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Estheria minuta. 

Keaper, England 

and Germany. 
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of Germany, and were referred to an unknown animal 
called Chdrotheriwrn, The footprints indicate an animal 
allied to the frog, but very much larger. Teeth of such an 
animal have been found. Sections of these teeth show ' 
peculiar labyrinth-Hke windings, hence the animal is 
called Lcbbyrinthodon, It disappears at the close of the 
Trias, and the footprints with it. Footprints of other 
reptiles occur in the waterstones, and other parts of the 
Trias in England. 




Fig. 72.— Footprints of C%«iro(A«rium (lAbyrinthodonX 

Beptiles are far more numerous in the Triaa than in 
any earlier rocks. At Elgin, in Scotland, several reptiles 
have been found in strata of uncertain age, by some re- 
ferred to the Trias, by others to the Devonian. These 
reptiles are Telerpeton, Hyperodiipedon^ and Stagcmolepis, 
the latter quite crocodilian in its affinities. In the Bunter 
and Muschelkalk of Gei-many many others occur. iTo- 
thoscmrus and Rhyncosa/wrus may be mentioned. In 
the Dolomitic Conglomerates of Bristol, Thecodontosawrua 
and Palceoaawnis are found. 

Birds, — ^Footprints of birds occur in the Connecticut 
Valley, in Nortii America. 

Mammcda, — ^Teeth of a small mammal, of the nature 
of a kangaroo, have been found in the Marls at the top 
of the Keuper in England and Germany. This earliest 
known mammal is called Microleates anUquus,^ In 
]!^orth Carolina are found jaws and teeth of an allied 
animal called Dromotherifum ayhestre, 

148. Conditions under which the Trias was de- 
posited. — ^We find the Triassic strata in England resting 

* Or. mu;ro8j little ; testes, beast of prey. 
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npoix ibe uptilted and denuded edges of Permian and older 
rocks, showing how much the latter were disturbed and de- 
stroyed before the deposition of the Trias began. It would 
seem from the great break which exists between the Trias 
and older rocks in Europe, and even wider districts, that a 
great continental surface existed, of which England 
formed part. At length portions of this continent were 
depressed, and the Tnas deposited. 

The lacustrine character of the Trias is established by 
similar evidence to that adduced in the case of the " Old 
Red " and Permian. Additional proofs are presented in 
the case of theKeuper,.bythe beds of rocknsalt and gypsum, 
the mode of origin of which has already been considered 
(85, 86). While it is certain that the Triassic lakes were 
very salt at the time of the Keuper, they may have been 
partly fresh or brackish when the Bunter was deposited. 

From the commencement of the " Old Red," until the 
close of the Triassic period, we have continual evidence 
of a long continental period, broken only by the marine 
beds of the Carboniferous. This evidence consists, as 
we have seen, partly of widely-distributed terrestrial and 
lacustrine deposits, and partly of almost world-wide dis- 
tui-bances and denudations giving rise to unconformities. 

Rhaetic and Penabth Beds. 

Beds of Passage, 

149. Ehaetic and Penarth Beds. — On the Continent of 
Eiu'ope, between the Keuper and the Lias, there inter- 
vene large and important deposits, known as the St 
Caj9sian and Kossen beds, or, collectively, the Rhaetic ^ 
beds. These beds are represented in our own islands by 
a comparatively thin but interesting band, known ajs the 
Penarth beds, so called from Penarth, near Cardiff, 
where the clif& exhibit them well. These beds also 
occur in the neighbourhood of Axmouth, at Aust, and 
other places on the borders of the Bristol Channel. They 
^ From Bhaetia, the ancient name of Lombardy. 
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also occur in Staffordshire, and several other places along 
the junction of the Keuper and the Lower lias. Beds 
of this age occur at Idsnagriby and near Bel&jst^ in Ire- 
land. 

These beds are always conformable to the Trias and 
the liaa They form in fact '^ beds of passage/' by which 
name they are known. 

The highest, member of the series is the White Idas, a 
hard and fine-grained rock, generally unfossiliferous. 

The so-called " Landscape Marble/' foimd at Gotham, 
near Bristol, occurs at or near the base of the White Lias. 

Below the White Lias come a series of black shales, 
known as the Paper Shales, containing fossil shells ; and 
interstratified with it is the celebrated Bane Bed, made 
up almost entirely of the bones of fishes or reptiles. 
Below the Paper Shales are a series of marls, passing 
gradually into the Keuper Marls beneath them. 

150. Bhaetic and Fenarth Fossils. — ^In England and 
Wales the lamellibranchiate shells Avicvla cantorta and 
Ca/rdium Bhaeticum are very characteristic. They also 





Fig. 73.— Cardiwm Bhaeticum. Fig. 74.— JvicuZa eorUmia, 

characterise Continental beds. So generally prevalent is 
the former, that the Bbaetic series is sometimes known 
as the Avictda contorta Zone, 

Teeth and bones of fishes, such as Gyrolepis, Hyhodus, 
Acrodvs, and others, occur in the bone bed. Beptilian 
remains, together with teeth of Microlestes, occur in this 
zone. 

In the St Cassian beds (Austrian Alps) a remark- 
able commingling of Palseozoic and Triassic with newer 
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Mesozoic forms occurs; for instance, Orthoceras and 
Ganiatites occur with AmmonUes and BeUmnitea, 

JuBAssic System. 
Lias and Oolite. 

151. Liassic and Oolitic Bocks. — ^The Ehaetic beds in 
England pass upwards into a series of rocks called the 
I/Ui8j the latter in its turn being succeeded, quite con- 
formably, by the Oolite, a series so called from the pre- 
valence in it of limestones having an oolitic structure 
(24). In England the Lias and Oolite form a belt, 
averaging about thirty miles in width, and extending 
from Dorset to Yorkshire. 

The lias and Oolite are closely connected by their 
fossils, and are included in one system, the Jurasaicj so 
named from the occurrence of this series in the Jura 
Mountains, in the east of France. 

Succession in England : — 

Feet. 

; Portland Oolite, 170 

i Eimmeridge Clay, . . • . . 600 

Coral R^, 250 

\ Oxford Clay, 600 

'Combrash, 40 

Forest Marble, 500 

Bath Oolite (Great Oolite), .. ) ^on 

' Stonesfield Slate, .... J ^'^^ 

Fuller's Earth, 400 

I Inferior Oolite, 250 

UppeTt Upper Lias Clay and Sand, . . 650 

Middle, Marlstone, 200 

Lower, Lower Lias Clay and Limestone, 600 



Oolite, - 



Lias, 



( 



Upper, 
Middle, 

Lower, 



The lias and Oolite form one conformable series, with 
a gentle dip to the east, the various members coming to 
the surface in succession, and running parallel to each 
other, sometimes along the whole belt The unequal 
hardness of the dijQferent members has given rise by 
denudation to many minor escarpments facing west, be- 
sides the more prominent ridge where the Lower Oolite 
overlooks the lias (122). 
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The liassic series is characterised by laminated clays, 
and the Oolite by limestones. 

Lower LioLS, — ^This formation consists of blue days and 
shales, with occasional bands of limestone. Modules of 
argillaceous limestone occur in some places, which, when 
ground, form excellent cement. 

Ma/rUtoTie, — ^This member consists chiefly of calcareous 
and argillaceous sandstones. It is well exhibited near 
ChelteDJiam, where it is 200 feet thick. It frequently 
contains iron ore, which mineral is obtained from it in 
great abundance at develand, in Yorkshire. 

Upper LioL8, — Principally a thick blue clay, upon 
which rest marly sands, these being capped by a band 
called the Cephalopoda bed, and which is regarded as 
the uppermost limit of the Lias. The upper Lias in 
Yorkshire contains beds of lignite, in which nodules of 
jet occur. 

Inferior Oolite. — ^This formation attains in the neigh- 
bourhood of Cheltenham a thickness of 250 feet. It 
consists of a succession of shelly and oolitic limestones, 
many of which form good building stones. In York- 
shire the Inferior Oolite becomes a succession of shales, 
sandstones, and thin seams of coal, some of which are 
actually worked, such as the Moorland coal of Yorkshire. 

FuUer^a Earth. — ^A series of clays and thin limestones. 
The clay was formerly used by fullers in the preparation 
of their cloth, hence the name of the formation. The 
Fuller's Earth extends from Dorset to Gloucestershire, 
beyond which it thins out, and soon disappears. 

Great or Bath Oolite. — ^The lowest member of this series 
is the Stonesfield Slate, a shelly limestone, easily splitting 
into slabs, and very rich in organic remains, includ- 
ing insects, reptiles, and the lower jaws of mammalia. 
The Great Oolite proper is remarkable for its thick 
Oolitic limestone, hirgelj quarried for building purposes. 
Westminster Abbey is in great part built of this stone. 
Corals and stone-lilies are common. A local series, the 
Bradford Clay, succeeds the Great Oolite. 
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Forest Marble, — ^Principally a shelly limestone, occur- 
ring, among other places, at Wychwood Forest, in 
Oxfordshire. Its sandstones are often ripple-marked. 

Comhrash, — ^A thin series of sandy limestones, easily 
crushed. Its soil is considered to form good com land. 

Oxford Clay, — This formation, with the Coral Rag 
above it, constitutes the " Middle Oolite." It is a thick 
bed of clay, extending along the whole range of the 
Oolitic belt, including the district on which Oxford 
stands. 

Coral Rag, — ^This is to some extent an old consolidated 
coral reef, corals being very plentiful, and most of them 
undisturbed from their original position in the reef. 

Kimmeridge Clay, — ^This is the base of the " Upper 
Oolite." It consists of clays and shales, with a bed of 
lignite at E^mmeridge, on i^e coast of Dorset. 

Portland Oolite, — ^This, the highest member of the 
series, has been named from the Isle of Portland, where 
it occurs as sandy beds below, covered by calcareous 
beds, at the top of which is the limestone known as 
Portland stone, largely used for building purposes. St 
Paul's Cathedral is bmlt of this stone. 

152. Liassic Fossils. — In passing upwards from the 
Tiias andKhaetic formations, a great change in thedevelop- 





Flg. 76. Fig. 76. 

Gryphaut incarva, Eippopodium ponderosum. 

Lias. Lower Lias, C'helteuLaui. 

ment of life is observed, the rocks, from the base of the 
lias to the top of the Oolites, teeming with fossils, among 
which almost all classes of animals are represented. 
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Plants. — Cycadsy and Fcfms with a network of veinfl 
on their fronds, are characteristic. 

Brachiopoda. — Spirifers occur for the last time (genus 
Spiry^erina), The genera RhynconeUa and Terebra/tvXa 
are common. 

CoNCHiFERA. — ^The genera Oat/rea (oyster), Gryphcea 
(Fig. 75), Lima, Avictila, and many others, are abundant. 
Hippopodiwrn ponderosum (Fig. 76) is peculiar to the 
Lower Idas. 

. Cephalopoda. — ^The Lias in England is sharply 
separated from the Rhaetic beds by the sudden appearance 
of Ammonites and Belemnites (Figs. 77, 78), which genera 
particularly chai-acterise the Mesozoic formations from the 
Lias to the Chalk. The species of the Ammonite seem 
to have been comparatively short-lived, hence the Lias is 
divided into zones characterised by particular Ammonites. 





Fig. T7,~~Ammonites communis. Liaa 
a Exterior ; b section. 

The parts of the Belemnites most frequently found fossil 
are hard conical bodies, popularly called "tiiunderbolts." 
Many of these exhibit, at the broader end, a depression, 
in which originally fitted a chambered shell, less often 
preserved. Several species of NwuXihM occur. 

EcHiNODERMATA. — Among these the stone-lily of the 
Lower Lias, named Exiracrirms Briareus, is characteristic, 
and so abundant at Lyme E.egis and some other places, as 
to form thick beds with their broken stems and branches. 
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Insects. — An " insect bed " occurs at the base of the 
Lower lias, and another at the base of the Upper Lias. 
Li these, beetles, crickets, dragon flies, 
and other insects have been found. _ 

Fishes. — The most remarkable are^ 
DapediuSy with scales set like a Mosaic 
pavement; Lepidotus, AcroduSy with pow- 
erful teeth adapted for crushing the mol- 
luscs on which it lived; and Hyhodus^ 
with shark-like teetL 

Beptiles. — ^The Lias is remarkable 
for its fossil reptiles. It, together with 
the Oolite, has been called the " Age of 
Reptiles," from the great development of 
these animals, both in size and nimibers. 
IcMhyo8wwru8y Plesiosani'ms, and Ptero- 
dactyhis are the genera best known. 
The Ichthyosaurtis was a huge fish-like 
lizard, often attaining a length of 25 feet. 
Its tail was long, and end^ in a power- 
ful taQ-fin, while its anterior members 
were modified to. ^erve as paddles. Its 
jaws and teeth were formidable ; aiid the 
remains of fishes and reptiles sometimes pig. 73.— B^femnif*. 
found within its skeleton indicate its car-a Jjjw<»°e; &cham- 
nivorous habits. The Plesiosaurua had caive^us.orsocketi 
a long swan-like neck and crocodile-like pfia^^o'^^^e'SL. 
head ; its paddles were larger than those 
of the Ichthyosaurus, while its tail was shorter. The 





Fig. *I9.—IcMhyo8auruB wiMMKMi» Restored skeleton. 

Pterodactylua was provided with wings, and could fly 
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like a bat. One of its digits was much extended, and 
supported the wing. 

153. Oolitic Fossils. — Between the Lias and Oolite 
there is a break in the succession of life, only 37 species 
of MoUusca out of 256 present in the Upper Lias passing 
from it to the Inferior Oolite ; but this is scarcely any 
greater break than is observed between some of the 
members of the Oolite itself. 

Plants. — Similar to those of the Lias. 

Brachiopoda are very abundant, as are all classes of 
fossil shells. Terehratula and RhynconeUa are the genera 
most common. T. fimbria, T, digona, T. carinata, E, 
spinosa, and JR. varians, are well-known species. 





Kg. 80. 
TerebrcUula fimbria. 



Fig. 81. 
TKrebratula carinata. 



Pig. 82. 
lihynconella. 



CoNCHiFERA occur in great numbers and variety. 





Pig. sa 

Trigonia costata. 
Lower and Middle Oolite. 



Fig. 84. 

OHreafiabelloidei. 

Lower Oolite. 



Among the characteristic genera are Ostrea, Cardium, 
Trigonia, Lima, Pholodomya, and Modiola, 
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Gasteropoda. — Phurotomaria and Nerinea are com- 
mon, Cerithium Fortlcmdicum is a common fossil in the 
Portland Oolite. 





Fig. 86. 

PJidodomyaJidicuUk 

Lower Oolite. 



Fig. 86. 

Cheniniizia. 

Lower Oolite. 




Fig. 87. 

Cerithium PortlandiGum (cast). 

Portland OoUte. 



Fig. 88. 

Pleurotomaria omata. 

Lower Oolite. 



Cephalopoda. — Ammonites and Belemnitea are very- 
abundant. A . EumphresiarmSy A . Farkinsonif B, eUipticus 
in the Lower Oolite ; A, Jason, 
B, hastattis in the Middle Oolite; 
and A. hiplex in the Upper Oolite, 
are characteristic species. 

EcHiNODERMATA. — Stone-Klies, such 
as Apiocrmus, and sea-urchins, such 
as Cidaris, are common. cidaris coronata. 

B,EVTlLES.—IchthyOSatmiS, Phsio- Middle Oolite. 

aawrvSf Pterodactylus, Also Megahsaurus and Cetixh 
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saurtis, liuge lizards with long legs, lifting them from the 
ground. 

Birds. — The oldest known bird is the ArchoBOpteryx, 
an almost entire skeleton of which was discovered in 
1862 in the lithographic stone of Solenhofen in Bavaria. 
Not only were the bones preserved, bnt even impres- 
sions of many of the feathers. The specimen is now in 
the British Museum. 

IiIammalia. — ^Lower jaws of four species of mammalg 
belonging to three genera have been foimd in the Stones- 
field Slate. The genera are Amphitheritim, Fhascolothe- 
rivm, and Stereogruithus. They were all pouched 
animals, like the kangaroo, or closely allied to it. 

154. Conditions under which the Lias and Oolite were 
Deposited. — ^The abundance of sea-shells, encrinites, and 
corals, show the Lias and Oolite to -be true marine de- 
posits. There is, however, evidence of the nearness of 
land, almost throughout the British deposits. The land- 
plants and insects, reptiles and mammals, show land to 
have been near, while the ripple-marks ^nd oyster-beds, 
occurring here and there, indicate actual sea-beaches. 
The British Palaeozoic districts appear to have been above 
water at this time, for the Oolitic deposits thin away to- 
wards the wQst, the Cretaceous strata subsequently over- 
lapping them (122). The Palaeozoic districts of Devon- 
shire, Wales, Cumberland, the Highlands of Scotland, 
and others, probably formed a group of islands in the 
seas about which the Lias and Oolite were deposited. 

The tree-ferns, cycads, large reptiles, and coral reefs 
of this series indicate a warm climate, probably sub- 
tropical. 

Although a strict conformability is maintained through- 
out the I^issic and Oolitic series in the English district^ 
yet the frequent change in the nature of the deposits, 
and breaks in the succession of life, indicate geographical 
changes, these disturbances sometimes affeeting the imr 
mediate area of the Oolitic seas. We have evidence of 
this in the Lower Oolites of Northamptonshire, I^nooln* 
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shire, and Yorkshire, where this series is partly marine, 
and partly a succession of estuarine, fresh-water, and 
terrestrial beds. 

Wealden and Purbeck Formations. 

155. Wealden and Pnrbeck Strata. — ^In the Isle of 
Pxirbeck, Dorset, the Upper Oolite is conformably suc- 
ceeded by a series called tiie Purbeck Beds; and these in 
their turn pass upwards into strata, the equivalents of 
which are largely developed in the south-east of England, 
occupying the district between the North and South 
Downs known as the Weald of Kent, and are hence 
called WeaMen. Strata of the Purbeck and Wealden 
age also occur in the Isle of Wight and in the Isle of 
Portland. 



Succession : — 
Wealden Series, 

Purbeck Beds, . 



Weald Clay, . 
Hastings Sands, 

-jMiTdk, ( . . 
Lower, ) 



600 feet 
900 „ 

150 „ 



Pwrhech Beds, — ^This is a pile of numerous thin beds 
of limestone, shales, eta^ some of which are fresh-water 
and others marine. In the Lower Purbeck there is a 
remarkable stratum called the " Dirt Bed." It is twelve 
to eighteen inches thick, of a brownish colour, and con- 
tains siLicified roots, erect stumps of trees, and prostrate 
trunks. The " Purbeck Marble," formerly much in re- 
quest for the internal decoration of churches, was ob- 



in^ 90.— Sectim tram tho Korth to the SouUi Downs across the "Weald. 

1. Hasting;! Saad. S. Weakl day. 8. Lower QreeiisaQd. 

i. UHwr CreUceouA Stratik 

tained from the Upper Purbeck. This '' marble " consists 
almoBt entirely of fr^alhwater shells (Faludina). 
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WeaMen Series. — ^In the Wealden area the strata have 
been heaved into a dome-like form : the upper portion of 
the dome, consisting of Cretaceous strata and Weald Clay, 
have since been' removed, exposing the Hasting Sands 
in the central portions of the area. This series chiefly 
consists of fresh-water strata, with marine interstratifi- 
cations. 

At Speeton, on the coast of Yorkshire, beds occur 
which are believed to be the marine equivalents of the 
fresh-water Wealden strata, and to correspond to the' 
series called Middle and Lower K^ocomian,^ on the Con- 
tinent. 

156. Wealden and Furbeck Fossils. 

Plants. — Cjrcads, ferns, and others ; in general nature 
resembling the Jurassic. 

Shells. — The majority are fresh-water and estuarine. 
Among the fresh-water gasteropods are Fahtdina, Limnea, 
and Fhysa; and among the fresh-water conchifers are 
Unio and Cyrena. 





ng. 01. Fig. 02. 

Cyrena dongata. Paludinafiuviorwn, 

Purbeck. Wealden. 

CEUSTACBA.-^Minute species of Cypria occur in mil- 
lions. 

Keptiles. — The Wealden reptile Iguomodon was a 
vegetable feeder of large dimensions. It stood erect 
upon its legs like the Cetioaarmia, and was taller than an 
elephant It derived its name from the form of its tooth, 
which is shaped like that of the living Iguana. Bemaina 
of Cetioscmrus, Hylceosa/uruSy Chehne, and other reptiles, 
are found in the Wealden formation. 
1 From Neoeomum, the classical name of Neufchatel, in Switzerland, 
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Mammals. — ^The Middle Pxirbeck at Swanage has 
yielded no fewer than fourteen species of mammals. 
Among these are GaUstea and Flagiaulax, 

157. Conditions under which the Wealden and Par- 
beck Beds were Deposited. — ^After the close of the Oolitic 
period, it seems that the south and centre of England, to- 
gether with other districts, were raised above the sea-level 
and subjected to all the destructive operations of denu- 
dation for a long period of time. England, no doubt, at 
that time formed part of a great continent, for the Weal- 
den and Purbeck Beds appear to be parts of the delta 
of an immense river, so large that it coidd only have been 
supplied by the drainage of an extensive continent. 

In the Wealden and Purbeck series, the fresh-water 
shells and reptilian remains are- sufficient indication of 
the fresh-water beds, while the interstratification of 
marine beds shows the whole series to have been de- 
posited in a spot where the water was usually fresh, but 
where the sea occasionally gained access. Tins would be 
the case in the estuary of a large river. 

It is probable that the mass of the continent, across 
which the great Wealden river flowed, lay to the north 
and west ; for we have seen that at Speeton the contem- 
poraneous beds were marine, and similar beds occur in 
Switzerland and other places to the south and east. 

Cretaceous Formations. 
Upper Mesozoic. 

158. Gretaceons Bocks. — ^In the Wealden area, and 
in the Isle of Wight, the Weald Clay passes upwards 
into the lowest member of a series of formations called 
the Creiaceous,^ so named from the thick beds of chalk 
which form a considerable part of this series. 

The Cretaceous formations show themselves in England 

principally as a broad belt running parallel to the Oolite 

from Dorset to Norfolk. To the east of Salisbury Plain 

^ Lat. cretOf chalk. 

I 
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the area widens, and dividing into two parts, becomes 
the North and South Downs. The southern half of the 
Isle of Wight is also covered by Cretaceous strata. In 
the neighbourhood of the Wash, the Cretaceous series 
are covered by newer deposits, but reappear in Lincoln- 
shire, and trending northwards, terminate at Flamborough 
Head in Yorkshire. The English Chalk is continuous 
with that of the Continent, which extends to the Medi- 
terranean ; the shallow Straits of Dover being merely a 
channel cut in the chalk by the sea. . 
Succession : — 



Upper 
Cbbtaoeous, 



Lowes Caetaceous 

or 
Upper Neocomiait, 



' Maestricht and Fazoe Beds (absent in 
England). 

White Chalk, with flints, . 1000 feet. 

White Chalk, without flints, 600 „ 

Chalk Marl, 100 „ 

Upper Greensand, .... 150 „ 

Gault, 200 „ 

Lower Greensand, ) q^^ 

Atherfield Clay, J ' ' * **^" " 



L<yw&r Cretaceous, — ^This consists of the Atherfield 
Clay and the Lower Greensand, and represents the upper 
division of the Continental series called Neocomian (155). 
The Atherfield Clay rests upon the Weald Clay in the 
Isle of Wight, the principal difference between the two 
being, that the Weald Clay contains fresh-water shells, 
while the Atherfield Clay does not. The Lower Green- 
sand is closely connected with the Atherfield Clay; it 
has derived its name from the prevalence in it of par- 
ticles of silicate of iron, which often gives a green tinge 
to the beds. 

GcmU, — ^This formation lies somewhat unconformably 
upon the Greensand. It consists of a dark-blue day or 
marl, and contains many fossils, often beautifully pre- 
served. 

Upper Greensand or Chhritic Series, — ^This formation 
consists chiefly of a calcareous sandstone, and somewhat 
resembles the Lower Greensand in appearance, but is 
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insignificant in importance when compared with it. It 
varies in thickness and character in different places. In 
Surrey it is quarried as a firestona In some places, as at 
Famham, in Surrey, nodules of phosphate of lime occur, 
and in such abundance as to be worked for the manufac- 
ture of artificial manura These nodules are evidently 
of organic origin. In this so-called "coprolite bed" 
have been found the remains of a bird and many 
reptiles. 

White Chalk, — ^The Upper Greensand passes into the 
Chalk Marl, and the latter into the White Chalk. 
Chalk, it is well known, is a soft and very pure variety 
of limestone. Under the microscope it is seen to be 
mainly made up of the calcareous shells of foraminifera, 
which is precisely the nature of the ooze now forming at 
the bottom of the deep Atlantic (82). The White Chalk 
is separated into two divisions, the upper being charac- 
terised by the presence of fiints, which are absent in the 
lower. The nodular flints occur in rows, and indicate 
the planes of stratification, which are otherwise obscure, 
although joints are numerous. Flints consist of silica, 
and owe tbeir origin to the abstraction of silica from the 
sea-water by certain forms of organic life (83). The 
silica derived from the siliceous coatings of microscopic 
organisms falling to the bottom of the sea, in lapse of 
time collects about sponges or other siliceous centres, 
and in this way forms flints. When broken through, 
flints often exhibit the structure of the original sponge 
or other organic body about which the silica gathered. 
FUnts not only occur as nodules, but frequently as 
layers, and sometimes as peculiar vertical veins called 
" pot-stones." 

Chalk districts resemble Carboniferous Limestone dis- 
tricts in their scarps, dales, and other physical features, 
but on a smaller scale. The north-east side of the belt 
of Chalk which crosses England forms a prominent 
escarpment, similar to that of the Oolite, but smaller. 

Peep boria^ made for water in the I/ondon area show 
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that there the Cretaceous series do not rest upon Oolitio 
but upon Palaeozoic rocks. 

Cretaceous strata occur in the north-east of Ireland. 
The Chalk is here much harder than the English Chalk. 
At Aix-larChapelle, in Germany, the White Chalk 
and Chalk Marl of England are represented by white 
sands and laminated clays 400 feet in thickness. This 
formation is remarkable for the abundance of terrestrial 
plants it contains, many of which are in a beautiful state 
of preservation. 

In England we have no Cretaceous strata newer than 
the White Chalk with flints. On the Continent, at 
Maestricht, on the banks of the Meuse, in Holland, the 
Chalk with flints is succeeded by limestones without 
flints, and containing Belemnites, Baculitea, Hamites, 
and other characteristic Cretaceous fossils. At Faxoe, 
also, in the Isle of Zealand, Denmark, strata of similar 
age occur, containing somewhat similar fossils. 

159. Cretaceous Fossils. — On passing from the 
Wealden series to the Cretaceous, we at once lose all 
the fresh-water shells, while true marine species take their 
place, and exclusively occur throughout. Some terrestrial 
species, such as Igucmodon ManteM, are common to the 
Wealden and Lower Greensand. 

Compared with the Oolite, the Cretaceous forms are 
quite new, not a single Oolitic species being found in 
Cretaceous strata. 

The break in the succession of life be- 
tween the Upper and Lower Cretaceous 
is well illustrated by the species of Am- 
monites they contain. The Lower Green- 
sand has 31, and the Gault 21, only three 
of these being common to the two forma- 
tions. 

FoRAMiNiFERA. — Many of these strik- 
ingly resemble the forammifera now living 
Upper cretoceoTiH. -^ ^^ Atlantic, and other seas (Pig. 13). 
Brachiofoda still decline in numbers compared with 
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the Goncliifera. Terehratula bipUccUa and T. stricUa are 
common species. 

CoNCHiFERA. — ^Thc genera Osirea, Zma, Fecten, and 
others, are numerous. Two characteristic species are 
figured. 




Kg. 94. 
Peden ^-costatus, 
Dpper Cretaceous. 



Pig. 95. 
Exogyra columba. 
Upper Greensaud. 




Kg. 96. 

Rostellaria carinata, 
Gault. 



Gasteropoda. — EosteUa/iia carincUais a characteristic 
and beautiful species. 




Fig. 97. 

Hamites. 

Upper Cretaceous. 



Pig. 98. 

Titrrilites costatus» 

White Chialk. 



Pig. 99. 

ScaphUes. 
White Chalk. 



Cephalopoda. — Ammonites, Belemnites, and Nauii- 
lies occur, also seyeral genera peculiar to the Cretaceous 
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series, such as jffamiiea, Baculites, Scaphiies, and Tur- 
rilites, 

EcHiNODERMATA. — Sea-UTcliiiis are very prevalent. 
Among these are the genera Arumehytes, GaleriteSy 
Micraster, and others. The crinoid Marsupitea is also 
prevalent and characteristic. 





Pig. 100. Fig. 101. 

Anandtytes ovattu, Micraster cor-anguinum. 

White Chalk. White Chalk. 

Reptiles. — ^The genera Ichthyosawnis, FlesiosaiMyis, 
and Pterodactylua occur for the last time in the White 
Chalk, while several new genera, as Mososaurus, are pecu- 
liar to the Chalk itself. 

Birds. — ^Two species, each about the size of a pigeon, 
have been obtained from the Upper Greensand, near 
Cambridge. 

160. Conditions under which the Cretaceous Series 
were Deposited. — ^We have seen that the fresh-water 
"Wealden series are succeeded almost insensibly by the 
marine Lower Cretaceous series. This indicates fiat a 
subsidence of the "Wealden area at least took place ; and 
this, without occupying any very great lapse of time, 
seeing that some of the terrestrial species are common to 
both the Weald Clay and the Lower Cretaceous. 

The widely-spread Cretaceous strata show that the 
subsidence of the continent of which England formed 
part was very general. After the deposition of the 
Lower Greensand, portions of the British area, at least, 
became land and suffered denudation, and subsequently 
subsiding, the Gault was thrown unconformably upon 
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ihe Lower Greensand. The subsidence contintdng, the 
varioiis members of the Upper Cretaceous were deposited, 
each overlapping its predecessor, until the White Chalk, 
deposited, no doubt, in a very deep sea, overlapped all, 
and abutted on the mountains of Wales, and other of the 
old Oolitic islands, or perhaps quite covered them ; ex- 
tending still further to the west, this formation also 
covered part at least of what is now Ireland. To the 
south-east the Cretaceous seas were extensive; but at 
some places, as at Aix-la-Chapelle> the fossils indicate 
nearness of land* 

The great break in the succession of life between the 
Marine Oolitic and Cretaceous series cannot be won- 
dered at when we think of the long continental period 
which intervened between them, represented only in the 
most fragmentajy manner by the great delta deposits of 
the Purbeck and Wealden, 



OHATTEB XVI. 

OAIK020IO OE TeRTIABV PERIOD— EoOENE, MiOOEKB, AKD 

Pliocene Fobmations. 

161. Classification of the Tertiary Strata.— With the 
exception of a few Cretaceous foraminifera, not a single 
species of animal or plant belonging to the Falseozoic or 
Mesozoic rocks is found living now. In strata newer 
than the Chalk the case is different ; a proportion of the 
species are identical with living ones, and this proportion 
steadily increases from the time of the Older Tertiary 
rocks until now. The classification of Tertiary formations 
is based on this increase, the strata being divided into 
three groups, as follows ; — 
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Wsiwii'ii TiniTTATiv J Newer Pliocene,! . . . 96 species. 

JNBWER IBRTIABT, 1 Qlder PHocene (more recent), 60 „ 

OTT^im TumTTAnv (Miocene "(less recent), . 26 „ 

ULDBE IBETIAEY, j Eoccne* (dawn of recent tHngs), 6 „ 

The numbers give the approximate percentage of the 
maximum number of shells which are identical with 
living species: In the case of the Eocene, it is doubtful 
if a single species of its shells is living now. 

Eocene Fobmations. 

162. Eocene Strata. — ^The Chalk in the neighbourhood 
of London, and again in Hampshire and the Isle of Wight, 
is covered by the group of formations called Eocene. 
These formations appear to be conformable to the Chalk,* 
so far as the lie of the stmta is concerned ; but that there 
is an immense interval between them is shown by the 
great break in the succession of life presently to be con- 
sidered. 

The Eocene strata in England are now confined to two 
synclinal hollows — ^the London Ixmn and the Hcmipshire 
hasm, the latter including the northern half of the Isle 
of Wight. Eocene strata occur in the district of Paris, 
forming the Paris basin, and in the Netherlands. 

SuooEssiON IN England. 



Upper, 
Middle, 

Lower, 



Hempstead Beds, . . , 
Bemoridge^Beds, . . , 
Osborne Beds, . . . , 
Headon Beds, ... 
Bagshot, Bracklesham, ) 

and Barton Beds, ( 
London Clay, ... 
Plastic Clay (Woolwich 

and Beading Beds), 

Thanet Sands, . . . . 



Feet. 
170' 
116 
70 
200. 

1270 

480 

160 

90 



Fluvio- 
Marine. 

Marine. 

Marine. 

Estaarine. 

Marine and 
Estuarine. 



ITumet Sa/nds. — flight-coloured sands occurring in the 

^ Gr. pleion, more ; kainos, recent. 
" Gr. meion, less. 
* Gr. eos, dawn. 
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London basin, thickest in the east, and thinning away to 
the west Below these beds is a stratum of chualk flmts, 
indicating that the Chalk had suffered erosion before these 
beds were deposited. 

Plastic Clay. — Clays and sands of various colours and 
shades. Fresh-water and marine shells occur altemateiily, 
showing them to be of an estuaiine character. Un- 
like the Thanet sands, these beds become thicker from 
east to west, being principally developed in the neigh- 
bourhood of Beading and in the Isle of Wight, where 
they repose directly on the Chalk. 

LoTidon Clay, — ^Brown and bltiish clays, with sands, 
and bands of concretions called aeptaria, from which 
Boman cement is manufactured. The clay is largely 
used for brickmaking. Besides marine shells, fossil fruits 
of palms, remains of crocodiles, turtles, and a large sea- 
snake, have been foimd in this formation. 

Middle Eocene, — ^The Bagshot series consist of uncon- 
solidated sands and clays. Only sparingly fossiliferous 
about Bagshot, but at Bracklesham and Barton on the 
Hampshire coast, rich in fossil shells and other species 
of a tropical or sub-tropical character. The whole series 
are well seen in section in the Isle of Wight On the 
Continent, strata of this age are extensively developed ; 
they form a large part of the great mountain axis extend- 
ing from the Pyrenees to India. The Middle Eocene is 
characterised by a large foraminifer named Nv/mmmliXeSy 
which is so abundant in some places on the Continent as 
to form thick limestones of its calcareous coverings — the 
Nvrnfum/uMiG Limestone, of which some of the Pyramids 
are built 

Upper Eocene or Fhivw-Ma/rirve Series. — ^These are ab- 
sent from the London basin. They occupy the northern 
half of the Isle of Wight, and a district of about 
equal extent on the other side of the Solent The 
Headon Beds consist of white and green marls and lime- 
stones. They are exhibited in section at Headon Hill 
and other places in the Isle of Wight Of the three 
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porfcionB into which tibiey are divided, the lower and upper 
are fresh-water, while ijie middle is brackish and marine. 
The Osborne Series (from Osborne, Isle of Wight) con- 
sists of sands and gritstones, witli a bed of limestone 
quarried for building purposes. The shells are of fresh- 
water or brackish-water species. The Bernbridge Beds 
consist of marls, clays, and limestones, of fresh-water, 
brackish, and marine origin. These represent the gypsum, 
of Montmartre, near Paris, in which have been found, 
about fifty species (^ mammals, often entire, and in a fine 
state of preservation. The Hempstead Beds consist of 
marls and sands, and lie upon the Bembridge Beds in 
the Isle of Wight The lower beds are carbonaceous, 
especially the lowest one of all — ^the " Black Band." The 
plants resemble those of the succeeding Miocene age, 
and on this aocoimt these beds are sometimes grouped 
with the Miocene formations. 




Fig. 102. 

Planorbis dxaeuM, 

Upper Eocene. 



llg. 108. 

* lAvMua Umgiseaia, 

Upper Eocene. 



4 



Fig. 104. 

Pahtdina orhieularii. 

Upper Eocene. 



163. Eocene Fossils. — On comparing Eocene fossils 
with those of the Chalk, we observe a very abrupt break 
in the succession of life ; not a single species is common 
to the two, and many of the characteristic Mesozoic 
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aire quite unknown above the Chalk. Among 
these may be mentioned GryphoMby Ammonites, Belemnitea, 
HamiteSy and Scaphitea ; 2X^0 Ichthyosaurus^ Flesiosa/tMrus, 
PterodactyluSy and their congeners. While the Mesozoio 
period is deservedly called the "Age of Reptiles," the 
-Tertiary period claims to be the "Age of Mammals." 
• Plants. — Remains of tree-ferns, palms, custard apples, 
bread-fruit trees, gourds, melons, and other tropical plants, 
are found in the ]/)ndon clay. 

FoEAMiNiFERA. — Nvmvnmlites are very characteristic 
of the Middle Eocene in England and on the Continent 





:Flg. 106. 

HuvMMiXiUt loftngatiu. 

Middle Eocene. 



Fig. 106. 

Oryptodon anffulaium. 

Londou Clay. 



Fresh-water Shells. — ^The conchifer Cyrena and the 
gasteropods Fla/norbis, Faludina, and Limnea, are abun- 
dant in the fresh*water beds. 





Fig. 107. 

Cardita planioosta. 

Middle Eocene. 



Fig. 108. 
VohUa luctatHx, 
Middle Eocene. 



Marine Shells. — Conchifera — Cardium, Ca/rdita, 
CryptodoTby etc.; Gasteropoda — Volvia,FusuSy BosteUa/ria, 
TurrUella, etc.; Cephalopoda — Nautilus centralis. 
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Fishes. — ^Teeth of Lamna elegans, 0todu9 ohttqwuSf 
and others, abound in the Lower Eocene. Kemains of 
the sword-fish and the saw-fish have been found in the 
London Clay, 

Beptiles. — ^The London Clay has yielded turtles, a 
large sea-snake, and a true crocodile. Other species 
occur in the Tipper Eocene of England and the Con- 
tinent. 

Mamhals. — ^The pachyderms (thick-skinned) — Cory- 
phodon, resembling the living tapir, but larger, and 
Hyracotheriwm, allied to the hog ; an opossum and others 
in the London Clay. In the Upper Eocene of England 
and the Continent — FcUceotheriimi, or "ancient beast," 
tapir-like, and about the size of a horse ; Anoplotherium, 
or "harmless beast," a pachyderm with a long powerM 
tailj Choeropotamus, or "river-hog;" Dichobune, and 
others. 




Fig. IW.—PaUeotherium magwum. Restored outline. 

164. Conditions under which the Eocene Strata were 
Deposited. — ^The great gap in the succession of life, in 
passing from the Chalk to the Eocene, indicates a long 
interval of time unrepresented by the deposition of strata^ 
During this interval the Chalk must have been elevated, 
and have sufiered denudation. Subsequently the south- 
west portion of England, together yh&l other districts, 
were depressed, and became the seas and estuaries in 
which the Eocene deposits were made. The fresh-water 
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beds, remains of land plants, insects, and terrestrial 
fnaTnTnalia^ occurring more or less throughout the series, 
show the nearness of land ; and the prevalence of fresh- 
and brackish-water beds, both at the base of the series 
and at the upper part, seems to show that the whole 
series were deposited near the mouth of a considerable 
river, sometimes in the estuary, and sometimes — when a 
slight subsidence caused the spot to be further out at sea 
— in true sea-water, where only marine species could live. 
The palms, the crocodiles, turtles, shells, and other flora 
and fauna of the time, indicate » tropical climate, prob- 
ably not unlike that of the East Indies at the present 
time. 

After the emergence of the Ghalk, England must have 
been joined to the Continent. The proof lies in the 
remains of the large mammals which make their appear- 
ance in different parts of the English Eocene deposits, 
these mammals having evidently walked over here from 
the Continent. 

165. Disturbance and Denndation of Eocene Strata. — 
The synclinal curvature which the Eocene strata partake 
of, in common with the Chalk in the basins of London 
and Hampshire, shows that they have undergone disturb- 
ance since their deposition. As these strata in the south- 
west of England are everywhere conformable to the 
Chalk, so far as dip is concerned, it is probable that in 
this district they completely covered the Chalk, but have 
since been denuded from the anticlinal between the two 
basins. That this was the case is attested by small out- 
liers of Eocene strata lying in this district The original 
extension of the strata eastward is also proved by 
similar outiying patches, some of which occur near the 
extreme edge of the escarpment of the Chalk. 

The synclinal giving rise to the Hampshire basin has 
brought up the Eocene and Cretaceous strata sharply at 
the south, many of the sections in the Isle of Wight 
showing the beds " on edge." 

The anticlinal fold between the Eocene basins seems 
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to have culminated in the Wealden anea^ and here denu- 
dation has proceeded furthest, for not only have the 
Eocene and Cretaceous strata been stripped away, but 
the Wealden series have been exposed almost to the basa 

Miocene Formations. 

166. Miocene Strata. — On the Continent of Europe 
the Eocene series pass upwards without any stratigraphi- 
cal break into the series called Miocene. Miocene strata 
are largely developed in Europe and other parts of the 
world, but we have the merest trace of tiiem in the 
Briti^ Isles. 

At Bovey Tracey in Devon, Miocene strata occur 
under an accumulation of modem peat, as beds of clay 
and sand interstratified with bands of lignite. The heda 
are altogether about 300 feet thick, and cover a space ten 
miles long by two wide. They contain fresh-water shells 
and many plants, the latter resembling the Miocene 
flora of the Continent. 

In the Isle of Mull, interstratified with volcanic lavas 
and ashes, there occur beds of clay and lignite, some of 
the clays, known as the " Miocene Leaf Beds of Mull," 
yielding leaves of plants identified as of Miocene age. 

The Leaf Beds of Mull are important as fixing the 
geological date of extensive volcanic disturbances, which 
affected, not only Mull, but a great tracts embracing 
many of the Inner Hebrides, extending as far south as 
Antrim in Ireland, and northwards through the Faroe 
Isles to Iceland. All along this band the present islands 
appear to be the remnants of a succession of volcanic 
plateaux. The well-known basaltic rocks of Fingal's 
Cave and the Giant's Causeway are volcanic products of 
this period. 

Miocene rocks occur in the west and south of France ; 
also in Auvergne, in Central France; they are hero 
partly marine and partly fresh-water. Miocene strata 
occur in Belgium, on a large scale in Switzerland, in the 
basin of Yiennai in the Alps, on the flanks of the Himar 
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layas, in the Sewalik Hills in India, in the United States, 
and other pla<;es. 

In Iceland, Spitzbergen, and Greenland, Miocene beds 
occur, containing species of fossil plants indicating a 
temperate climate. 

167. Miocene Fossils. — ^The flora is everywhere ex- 
ceedingly abundant^ very varied in character, and closely 
resembling that of l^e present day. It is remarkable that 
in Europe species of plants grew together, some of which 
have since migrated to Africa, some to Asia, and others 
to America, while some have remained and contributed 
to our present European flora. The plants and the 
mammalia are the most important fossils. 

Plants. — ^At Bovey Tracey, evergreen oaks, fig-trees, 
vines, laurels, palms, trees of the cinnamon tribe, wil- 
lows, beeches, and others. 

Mammalia. — Extinct genera — Demotheriumy Chcero- 
potamus, and others. Living genera— elephant, rhino- 
ceros, hippopotamus, dolphin, opossum, giraffe, deer, 
monkey, and many others. 

Many of the Miocene mammalia are interesting on 
account of their supplying "missing links," connecting 
inany living genera whose relationship it were otherwise 
difficidt to trace. 

168. Conditions nnder which the Miocene Strata were 
Deposited. — Great Britain appears to have formed land 
in Miocene times, the deposits at Bovey Tracey having 
been made in a lake, and those at Mull accumulated in 
a marsh or shallow lake. Considerable portions of 
Southern Europe were beneath the sea, but other por- 
tions were continental, having many fresh-water lakes 
in which the Miocene fresh-water deposits were made. 
England, Iceland, and Greenland were all probably parts 
of this continenl^ judging from the similarity of their 
fossil plants. 

The climate of Europe at this time, as gathered from 
the flora and fauna, was sub-tropical. This applies also 
to the south of England. The evergreen shrubs and 
other plants of the Arctic regions also indic£i.te a warm 
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climate, wHich is difficult to account for, unless by astro- 
nomical theories. The Alps at this time were probably 
but partly elevated, and certainly not sufficiently lofty 
to chill the air of Central Europe as they do now. 

Pliocene Formations. 

169. Pliocene Strata. — ^These occur in England in a 
few insignificant patches on or near the coast of Norfolk 
and Suffi^lk. They rest in some places on the London 
Clay, but chiefly repose directly on the Chalk. These 
beds are locally known as the ''Crag," and are subdivided 
as follows : — 

Kewer Pliocene, . Korwich Crag, . 20 feet. 
Older PUocen^. . to^Scrag- .' SO.'; 

CoraXLvm or White Crag, — ^This consists of soft marly 
sands of a white colour, with occasional thin bands of 
limestone. It is rich in marine fossUs, but true corals 
are rare j the coral-like bodies it contains are in reality 
polyzoa. 

Red Crag, — This consists of beds of sands and gravels 
coloured red by oxide of iron. The Coralline and Red 
Crags usually lie side by side, but in one or two places 
the Bed Crag lies in hollows denuded in the Coralline. 
The Bed Crag, like the Coralline, is rich in marine fossils, 
among which are limpets and other shallow-water shells. 
At the base of the Bed Crag, where it rests on the 
Chalk, is a " bone bed," or layer of phosphatic nodules, 
containing in many cases the ear-bones of whales, teeth 
of sharks, and remains of large mammalia. A similar 
bed underlies the Coralline. 

NoTwichy Ma/nmuiljferou8f or Flvmo-marme Crag, — 
This occurs in the neighbourhood of Norwich as small 
patches of sand, gravel, and loam, resting directly on the 
Chalk. It contains many marine fossils, and in addition 
twenty still living species of land and fi*esh-water shells. 
At the base of this Crag is a bed called the " Stone 
Bed," which is composed of large unrolled chalk-flints 
mingled with the bones and teeth of large TnaTPT"«1«, 
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The Crags supply useful materials for agricultural 
purposes, the loose akelLj sands and marls being used for 
spreading over ground deficient in calcareous matter, 
and the phosphatic nodules being ground for manure. 

Pliocene strata occur round Antwerp in Belgium. 
They are here often consolidated, and contain many 
fossils, two-thirds of the species of which are the same 
as those of the Crag of Suffolk. 

The Sub-Appenines, or low hills between the Appenines 
and the sea, are paxtly composed of Pliocene strata. 
Nearly half of Sicily is covered with strata of Newer 
Pliocene age, which is of great thickness, and ele- 
vated in some places 3000 feet above the sea. The 
Pliocene shell beds at a height of 1200 feet along the 
flanks of Etna indicate the recent origin of this moun- 
tain. 

170. Pliocene Fossils. — In the English Pliocene forma- 
tions the per centage of fossil shells identical with living 
species is considerably in excess of the 
Miocene. In the Coralline Crag the 
per centage is about 82, in the Ked 
Crag 75, and in the Norwich Crag 
69. 

PoLYZOA, — Fascicula/ria (now ex- j 
tinct), and others, are common. 

Mabine Shells.— The brachiopod ' 
Terebratula grcmdis is characteristic, 
and so are the conchifers Fectuncuhcs 
variaMlis, Asta/rte Omalii, and Car- 
dUaaemUs. The gasteropods i^twm^ TereJJSal^S^andu. 
contrcMTiu^y or reversed whelk, Fur- 
dv/ra tetragona, and Voluta Lamherii, are very common 
in the Red Craig. The genus Nautilus is represented by 
Nautilus centralis. 

Mammals. — ^Remains of the following have been found 
in the English Crag — viz., whaU, el^hant, rhinoceros, 
tapir, pig, korse, hear, hycena, deer, bea/ver, and others; 
together with the extinct genera Mastodon (allied to 
elephant), and Hippa/rion (aUied to horse). 
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171. Conditions, under which the Pliocene strata were 
Deposited. — Great Britain does not give evidence of 
having suffered much disturbance in the interval between 





Pig. 111. 
Peduncultu variabili». 



PIft 112. 
AttarU Omdlii, 



the Miocene and Pliocene periods. The Crags indicate 
that a portion of Norfolk and Suffolk was below the sea 
at the commencement of the Pliocene period, the Coralline 






Pig. 118. 

Fusus contrarius. 



Fig. 114. 
Valuta LamberH, 



Pig. 115. 
Pitrpuratamgtma, 



Crag bearing evidence of having been deposited in a 
moderately deep sea. As the Red Crag lies unconform- 
ably upon the Coralline, the latter must have been 
elevated, denuded, and again depressed, before the former 
was deposited. The littoral^ shells and cross stratifica- 
tion of the Red Crag show it to be a shallow-water 
accumulation; while the fresh-water and land sheila 
mingled with the marine species of the Norwich Crag 
^ Lat. liUuSf Uttoris, a shore. 
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lead US to think it was deposited at the mouth of a river. 
Altogether the whole of the Crag formations resemble 
the deposits now forming in the (xerman Ocean, and may 
be reg^ixded as an elevated portion of the bed of that sea. 

The climate seems to have gradually grown colder 
during Pliocene times. We trace the chsuoge from the 
Coralline Crag, which, of 240 existing species of shells, 
contains 28 species now only found in southern latitudes, 
to the Norwich Crag, which has no southern species, but 
many northern. It is probable, therefore, that during 
the Pliocene period the climate of this country fell from 
one rather warmer to one much colder th&n what we at 
present enjoy. 

Some large blocks of porphyry and chalk flint found 
in the Coralline and Bed Crags, suggest that icebergs 
occasionally reached these islands and were stranded on 
its shores. 

It is generally thought that Great Britain was an 
island duri;Dg the deposition of the Crag. It must, how- 
ever, have been previously joined to the Continent, to 
allow of its becoming inhabited by new species of large 
ma,mmalia» the remains of which occur in Pliocene 
strata. 



OHAPTEB XVIL 

Post-Pliocekb and Rboent Periods— Glacial Epoch— The 
BouLDEK Clay— Glacial Drift— Yallst Glaciers. 

172. Chillesford Beds.— At Chillesford in Suffolk, 
stratifled deposits of yellow sands and cla3rs occur which 
from their fossils are considered to be of more recent 
date than the Norwich Crag. The skeleton of a whale 
has been foimd in the upper laminated clays. The shells 
indicate a colder climate than those of the Crags, no less 
than two-thirds of the number now inhabiting the shores 
of Greenland or other northern coimtries. 

173. Cromer Forest Bed. — ^This bed occurs at Cromer 
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and other places on the shores of Norfolk. It is best 
seen at low water, especially if a rough wind has previ- 
ously been blowing, when the sea will have removed the 
sand and mud from its surface. Under favourable cir- 
cumstances the bed has been traced for forty miles along 
the coast. It consists chiefly of sandy clays, studded 
with roots and upright stumps of trees, and contains the 
remains of elephants and other mammalia. In the upper 
part of the bed are bands of lignite and fresh-water shells. 
The Forest Bed does not rest on the Crag, but its fossils 
are of newer type. The antiquity of the bed is evident 
from the great thickness of Boulder Clay (presently to 
be described) which rests upon it. 

Among the flora of the Forest Bed are the Scotch fir, 
pine, yew, oak, sloe, alder, and water-lily. At least 
twenty species of terrestrial mammalia occur, half of 
which are now extinct, while the rest still survive in 
Europe. Among others are foimd remains of three species 
of elephant, rhinoceros, hippopotamus, horse, an animal re- 
sembling the tiger, bison, four species of bear, six of deer 
(including the so-called Ldsh elk), beaver, and mouse. 

The large terrestrial mammalia of the Forest Bed in- 
dicate that at the time this bed formed land, England 
must have been joined to the Continent. 

174. The Glacial Epoch.^ — ^We have seen in the 
Pliocene strata evidence of a gradual change from a 
warm or mild climate to one much colder ; and in the 
Chillesford Beds this change had proceeded so far that 
the majority of the shells it contains are of Arctic species. 
The refrigeration continuing, the climate at length be- 
came very cold — so cold, in fact, that the summer's 
heat was not sufficient to melt the accumidated snows 
of winter; and much of Great Britain and Ireland, 
together with large continental areas in northern lati- 
tudes, were covered with extensive glaciers, and at one 
time, with a thick sheet of ice or ice-cap; the climate 
and other conditions being much the same as those to 

1 Before reading this article th© student should carefully read 
ag^in articles 65 to 70. 
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-which Greenland is subject at the present time. This 
"Glacial Epoch" has left innmnerable traces behind, 
Yrhich we shall examine in detail. 

The Boulder Gh/y, — ^A great portion of Scotland, and 
also considei'able portions of the north and east of Eng- 
land, are covered with a mass of unstratified clay con- 
taining angular blocks of stone of all sizes. Many of 
these blocks or boulders have one or more plane surfaces, 
as if they had been rubbed along without rolling, and 
these faces are also frequently grooved and striated like 
the moraine stones of a modem glacier. 

The Bocks under the Boulder Clay are generally smooth, 
with wavy outlines, like rochea moutonnies, while they 
are scratched and furrowed like the beds of glaciers. 
The boulders can usually be shown to have been derived 
from rocks at no great distance, and the clay itself is 
generally tinged with the prevailing tint of the formation 
on which it lies. "We have, here abundant evidence of 
moving ice, the Boulder Clay, or " Till," as it is called 
in Scotland, being the moraine matter resulting from the 
abrasion of the rocks over which the ice moved 

Bounded Form of Mountains and Hills, — ^The general 
outline of the mountains of the Highlands of Scotland is 
remarkably rounded, and so are many of the mountains 
and hills of "Wales and the north and east of England. 
These round-topped mountains, where the rocks are hard 
and durable, often exhibit striations and furrows, just 
like those of the valleys, showing that at one period not 
only were the valleys filled with ice, but the mountain- 
tops themselves were covered by it — that is to say, the 
whole country referred to was covered by a continuous 
sheet of ice, or ice-cap, so thick as to be able, by its 
weight and motion combined, to carve out deep valleys, 
and to grind off the rugged peaks of lofty mountains. 

From what has been said, we infer that the Boulder 
Clay, or Till, imlike ordinaiy moraine matter, was accu- 
mulated underneath the great ice covering, forming 
moraines prqfondes. Hence the great extent of this clay, 
and its even distribution over large plains. 
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Similar indications of glaciation or ice sculpture exist 
in Ireland, in the northern portion of Europe generally, 
and in North America. "We have thus evidence of the 
cold climate being very* general in the northern hemi- 
sphere. In the southern hemisphere similar appearances 
are found, but the glaciation there may not be of the 
same age. ' 

Submersion of the Lamd — The Glacial Drift. — ^The 
Boulder Clay in Scotland and in England is in many 
places covered by sands and gravels rudely stratified, and 
frequentiy containing marine shells. These beds are 
found at considerable elevations above the sea. They 
have been obserlred at an elevation of 2000 feet upon the 
sides of the mountains of Wales, and sea-shells have 
been obtained from them at a height of 1400 feet We 
have thus evidence of the land having been submerged 
below the sea after the aqpimiulation of -the Boulder Clay. 
The '' Glacial Drift/' as this marine formation is called, 
contains many grooved and striated stones, and the whole 
formation appears to be the moraine matter of the glaciers 
which covered the islands formed by the high parts of 
Scotland, Cumberland, and Wales ; this moraine matter 
having been rudely stratified by the movements of the 
sea, while at the same time it was mingled with sand and 
sea-shells. Some of the boulders are of considerable size, 
and lie scattered about in numerous places where the 
'' drift '' is absent This suggests the agency of icebergs to 
carry and distribute the boulders and gravel. The icebergs 
may have been principally derived from the glaciers 
of Cumberland, Wales, and Scotland, while many from 
the north would doubtiess reach the seas contiguous to 
these islands, and there deposit their rocky loads. Many 
of the boulders or '^ erratic blocks '' scattered about the 
British islands are strangers, and appear for the most part 
to have been derived from the Scandinavian mountains. 
The southern part of England exhibits littie or no 
trace of glaciation, and has no drift ; hence it is inferred 
that this district was not depressed during any part of 
the glacial epoch. 
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Emergence of the Lamd. — ^The partial depression of the 
British area was after a long time followed by a slow 
movement of elevation, which has continued more or less 
.xmtil within recent times. The evidence is of various 
kinds. On the east and south coasts of England, and 
other parts of Great Britain, old sea-beaches occur, one 
below another, at considerable heights above the present 
searlevel ; this indicates a gradual elevation. In Wales 
we have evidence of the upheaval in the fact that the 
drift is absent from many low-lying valleys which it 
must have once filled, having evidently been ploughed 
out by the glaciers, which increased in size as the eleva- 
tion of the land proceeded. 

Decline of the Glaciers, — ^After the land had fairly 
emerged from the sea, the climate seems to have gradually 
become milder, and glaciers occupying the ^mlleys of 
Wales, Cumberland, the Alps, and other places, gradually 
declined in size. Abundant proofs of the former exten- 
sion of Alpine glaciers exist, and we have similar evi- 
dence of the existence of glaciers in Wales, Cumberland, 
and other parts of Great Britain, in comparatively recent 
times. The roches mouUmnSes, with striations and groov- 
ings, show glaciers to have existed in the valleys at some 
period; while perched blocks and actual moraines, at 
various heights up the valleys, show that glaciers existed 
since the emergence of the land, and gradually declined 
in size until they disappeared. 

175. Fossils of the Drift. — Most of the shells are 
similar to those now living in the Arctic seas. The con- 
chifers Astarte boreaUs, Leda ohlonga, Cyprina Islandica, 
Carrdivm, edule (common cockle), and the gasteropods 
Sccdaria Greenlcmdica, and DerUaMvm erUalis are cha- 
racteristic species. 

Bemains of plants occasionally occur, and also bones 
of mammals such as the elephant, rhinoceros, and rein- 
deer. The occurrence of these indicate that at times the 
climate was sufficiently mild for them to migrate north- 
wards. 

176. Deposits newer than the Drift. — In many of our 
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river valleys there oocur terraces at various heights 
above the present level of the river. The origin of 
these terraces has already been explained (76, 81). The 
gravels forming the terraces were deposited by the river 
when it flowed at higher levels. In these '^high level 
gravels " are found the bones of animalfl now inhabidng 
this country, with others inhabiting other parts of the 
world, and some altogether extinct Among the mam- 
malia are the fox, wolf, hyaena^ lion, reindeer, ox, bison, 
hippopotamus, pig, horse, two species of elephant, rabbity 
and squirrel. 

It is in these deposits and others of similar age that 
we first meet with traces of man or his works. In river 
gravels, and also in several bone caves in this country, 
flint knives, hatchets, arrow-heads, and other works of 
man, are found with the bones of extinct animals such as 
the mammoth and cave bear. In Continental gravels 
and caves, not only the works of man, but his bones 
have been found side by side with those of the mammoth 
and other animals now extinct. 

It is evident from the presence of the remains of these 
large mammalia in strata newer than the Drift, that 
Great Britain must have been imited to the Continent 
since that period ; the plains over which these animals 
migrated to England, and also to Ireland, having subse- 
quently been destroyed by marine denudation similar to 
tiiat which is now mofe widely separating Great Britain 
from the Continent, and contracting its size. 

177. Becent Deposits are such as are accimiulating at 
the present time, as, for example, vegetable soil, peat, 
river gravels, deltas, sea-shore deposits, and coral reefs. 
These have already received attention in the earlier chap- 
ters, for before proceeding to the study of geological 
history, it was necessary that the operations of nature 
concerned in producing deposits going on under our direct 
observation should be first understood, seeing that it is 
from the study of these that we derive our chief means 
of investigating the rocky monuments of the past ages. 
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The questions to which the dates a/re affixed are taJcenfram 
the Exa/nmuUion Papers of the Science and Art De- 
partment, The others are from various sources. 

1. Define the chief scientific o^'ects of Geology. (1872. ) 

2. What is the foim of the Earth? State its specific gravity 

as a whole^ and the average specific gravity of the known 

rocks at or near the surface. (1869.) 
8. What is the difference between a rock and a mineral ? (1865.) 
4. Explain what is meant by the " Crust of the Earth ? " (1869.) 
6. What is meant by the term stratified rocks ? (1869.) 

6. How do angolar stones get rounded into pebbles ? and what 

is a conglomerate ? (1869.) 

7. What kind of rock is shale ? (1870. ) 

8. What are the differences between slate and shale ? (1865.) 

9. How would you detect that a rock is 7t7;ie5^one f (1861.) 

10. What, in general terms, is the chemical composition of dolo- 

mite? (1872.) 

11. Give the names of three of the commonest aqueous rocks? 

(the names of geolo^cal formations are not meant). (1872.) 

12. State the principal difference between what are commonly 

called " Dituminous" and anthracite coals. (1872.) 

13. Classify the following stratified rocks according to their mineral 

composition : — sandstone, chalk, coal, clay, slate, oolite, 
dolomite, anthracite, marl, sand. 

14. To what class of rocks does gneiss belong ? (1872.) 

15. Explain the .terms Gratified and unstraiifitd as applied to 

rocks. 

16. Into what two great classes have rocks been divided ? How 

would you (in most cases) easily distinguish rocks of one of 
these classes from rocks of the other ? (1861. ) 

17. Name any one kind of rock that has been formed by the 

action of heat — ^that is to say, that has been melted, and 
afterwards become hard by cooling. (1872.) 

18. What kind of a rock is basalt ? (1871.) 

19. How do yon know that gi-eenstone is an igneous rock, and 

sandstone an aqueous rock ? 

20. Name the minerals which enter into the composition of granite. 

(1867.) 

21. Igneous rocks are frequently found interbedded with aqueous 

rocks. How are such occurrences accounted for ? 

22. Classify the following rocks under the two heads, Igneous and 

Aqueous : — sandstone, clay, granite, syenite, sand, pumice- 
stone, chalk, greenstone, shale, conglomerate, basalt, lime* 
stone. 
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23. From wbence has the material tliat forms stratified rocks been 

deriyed? (im,) 

24. By what wasting process is the level of the land gradoally 

lowered? (1869.) 

25. What chemical agent is most actiye in promoting the disin- 

tegration of rocks, and how does it act ? (1867. ) 

26. By what means are nndergronnd cayems and water-courses 

made in limestone rocks ? (1872.) 

27. Why is some water hard, and other water soft ? (1872.) 

28. What is the special effect of rainfall in promoting the disin- 

tegration of limestone rocks? (1873.) 

29. Describe a glacier, and state what marks are left by glaciers 

when they disappear ? 

80. What is the canse of the motion of glaciers, and what effects 

do they produce on the rocks oyer which they pass ? (1867. ) 

81. By what signs wonld yon proye that glaciers once existed in a 

country where they are no longer found ? (1873.) 

82. What are the geological effects now produced by icebergs I 

(1864.) 
33. Grains of sand when seen undpr the microscope appear smooth 
and not unlike miniature pebbles. How do you account 
for the smoothness of the grains I 

84. Explain the part played by waterfalls in the erosion of 

ravines. 

85. Compare the action of water as a disintegrating agent in its 

solid and liquid states. 

86. Explain the geological meaning of the term denvdcUion, 

(1866.) 

87. How do you account for the irregular form of ground — ^that is» 

the continued variety of hills, valleys, etc. ? 
38. By what means have valleys been seoqpiBd out in solid rocks ? 

a878.) 
89. Draw a section, real or imaginary, showing what is meant by 

an outlier. (1862.) 

40. Explain by means of a diagram the effects of denudation in a 

country in which the rocks are contorted. (1867.) 

41. Describe the action of the sea on coasts. 

42. What are the general effects of marine denudation on the form 

of land? 

43. In what different ways do rivers transport to the sea the waste 

matter arising from the erosion of rocks ? 

44. How does it happen that rivers contain various matters in 

chemical solution? and name some of the substances so 
found. (1865.) 

45. Explain the maimer of the formation of river deltas. (1867.) 

46. Explain the action and effect of rivers in liromoting the de- 

gradation of a country, and in forming sedimentary deposits. 
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47. Bain falls on the land and finds its way to tlie sea. What 

geological effects does it produce on its road ? 

48. By what means has the material in stratified rocks been 

arranged* (1861.) 

49. Describe the action of carbonic acid on limestone rocks. In 

what form is carbonate of lime carried by rivers to the sea ? 
What becomes of the carbonate of lime which reaches the 
sea? 

50. Of what kind of microscopic organic bodies is chalk, to a 

great extent, composed ? (1870. ) 

51. How do yon know that chalk was formed at the bottom of the 

sea? (1872.) 

52. fiy what process hare thick strata of limestone, pnre or nearly 

pnre, been formed on old sea-bottoms, and are formed at 
the present day ? (1872. ) 

53. Explain the mode of formation of stalactites and stalagmites. 

54. Of what materials has coal been formed ? (1861.) 

55. Coal has been formed by the growth and decay of plants. 

Explain the process by which beds of vegetable matter 
became converted into the stony substance called coal. 
(1870.) 

56. What evidence is there that coal was once vegetable mat- 

ter? 

57. Give an example of an aqueous rock the material of which has 

been derived from p];pviously existing rocks, and an example 
of one formed mainly of the hard parts of animals. 

58. Strata formed in the sea were originally soft and incoherent : 

by what means have they become consolidated ? (1867.) 

59. Trace backwards, as far as you can, the history of a consoli- 

dated stratum of sandstone or conglomerate jiow forming 
dryland. 

60. What common proofs have been given to prove that the earth 

is heated in the interior (central heat) ? (1867. ) 
61i What are the reasons that have induced many geologists to 
suppose that the outer part of the earth is a crvst enclosing 
fluid matter? (1870). 

62. Explain the meaning of the term Crust of the Earth t (1871.) 

63. Describe a volcano, and mention some of the products thrown 

out by volcanoes. 

64. What is the cause of the cone-like form of most volcanoes ? 

(1869.) 

65. What is meant by an extinct volcano ? (1870.) 

66. If stratified rocks were originally deposited in horizontal 

layers under water, how do you account for such rocks 
frequently forming high hills at the present time, and even 
lofty mountains ? (1872. ) 

67. What conditions appear to be requisite for the existence of 

Digitized by ^OOgie 



148 QUESTIONS. 

reef-building corals? What are fringing reefs, barrier 
reefs, and atolls ? How are the last explained ? 

68. In what way do the existence of atolls and barrier reefs prove 

the depression of land ? 

69. What do you consider to be the origin of mountain chains ? 

70. What is meant by metamorphism ? How is it brought about ? 

What changes does it produce on rocks ? Give examples. 

71. Give a definition of the term "cleavage" as applied to rocks, 

and explain its origin. (1868.) 

72. What is a lode? (1861.) 

73. By what processes do you suppose veins of quartz, calc-spar, 

ores of metals, etc., have been formed in J^dee ? (1871. ) 

74. What is meant to be expressed by the colours on a geological 

map? (1870.) 

75. Explain by drawing or writing the terms dip and strike, and 

contorted strata. (1867.) 

76. Explain the words dyke, lode, joint, and deavage, as applied 

to rocks. (1862.) 

77. What is a fault? (1861.) 

78. Explain the meaning of the terms dip, strike, fault, lode, and 

stratification. (1864.) 

79. Draw a section, either true or Imaginary, showing contorted 

and horizontal strata with an outlier and a fault. (1865.) 

80. Explain by writing or drawing the term unconformable strati- 

fication. (1867.) 

81. Explain how unconformable stratification has been produced. 

(1862.) 

82. What is meant by a geological section ? Draw sections illus- 

trating inclined st^ta, unconformable strata, a fault, anti- 
clinal and synclinal curves. 

83. What is meant by the word fossil ? (1871.) 

84. How have fossil shells become enclosed in rocks ? (1869.) 

85. What are fossils? Give some illustration of their use in 

geological investigation. (1867.) 

86. What are the characteristics of fresh-water strata ? 

87. Name one or two genera of fossil shells by which you could 

prove that some strata were deposited in fresh wcUer^ 
(1871.) 

88. Why are land plants and other terrestrial productions as a 

general rule found more frequently in arenaceous and 
argillaceous thiin in calcareous rocks ? 
89; What is meant by the terms univalve shell, bivalve shell, 
Crustacea, and vertebrata ? (1869.) 

90. Explain by drawings the chief differences in external form 

between the Brachiopoda and Conchifera. (1866.) 

91. Define the following terms used in geology : — igneous, bed, 

outcrop, lode, fossil, dip, basin. 
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92. Define the following terms : — dyke, crater^ anticlinal, silt, 

trap, tufa, lava, 

93. Define the following: — strike, cleavage, stratified, ovilier, 

schist, vesicular, moraine, escarpment, 

94. Define the following :—demidation, stalactite, unconformaile, 

slate, vein, section, clinometer, porphyry, 

95. What proofs are there that rocks are of different ages ? (1867.) 

96. How would you prove stratified rocks to be of different ages 

without reference to the fossils they contain f (1870.) 

97. IIow would you infer geological periods to have been of long 

duration? (1867.) 

98. When of two formations one lies unconformably on the other, 

• what inferences do you draw from this with regard to the 
lapse of timet (1864.) 

99. What is the connection between unconformability in stratifi- 

cation and the succession of life in time ? 

100. What is meant by a geological * ' formation ? " (1 872. ) 

101. What is the meaning of the words Palaeozoic, Mesozoic, and 

Cainozoic, as applied to formations and fossils ? (1866.) 

102. Bocks are divided mto Palseozoic (or Primary), Mesozoic (or 

Secondary), Cainozoic (or Tertiary) formations. To which 
divisions do the Old Red Sandstone and the New Bed 
Sandstone belong ? (1870). 

103. Ck>nstruct a column showing the succession of the British 

PalcBOZoic formaHons, placing the oldest at the bottom and 
the latest at the top. (1871.) 

104. Name the chief formations included in the Mesozoic or 

Secondary series. (1869.) 

105. Name the oldest known formation, its lithological character, 

and the fossil it contains. (1869. ) 

106. What was the nature and mode of growth of the fossil Eozoon 

Canadense of the Laurentian Bocks ? 

107. To what class of animals does a trilobite belong ? (1869.) 

108. Explain the leading features in the stnicture of a trilobite. 

(1866). 

109. What are the oldest fossiliferous rocks in Great Britain and 

Ireland ? Name some one fossil they contain. 

110. Name a few characteristics of Silarian strata by which you 

recognise them to be marine deposits. 

1 11. Name the formations in which graptolites are found. (1870.) 

112. In two formations belonging to the same series (Silurian, for 

example), what connection is there between unconforma- 
bility and more or less complete change of species? 
(1864.) 

113. In what formation are fossil fish first found ? (1872). 

1X4. What are the principal crustoAicams and chaTobered shells 
fQUnd in British strata older than the Devonian ? 
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115. Kame seyeral genera of fishes found in the Old Bed Sand-^ 

stone. (1865.) 

116. The Old Bed Sandstone and the Devonian Bocks are usually 

considered to be of the same geological ajgd. Is there any 
broad general distinction between their fossils? If bO| 
what is it? (1870.) 

117. Construct a column of the Carboniferous formations, placing 

the oldest at the bottom. (1867.) 

118. Are the coal-producins strata of the British Isles older or 

younger than the OM Bed Sandstone ? (1872.) 

119. How does it happen that the coal-fields of the British Coal 

measures often lie in the form of basins ? 

120. Explain why the coal-fields of Ireland are so small compared 

with those of Britain. (1864. ) 

121. In what British formations do lead ores chiefly occur ? (1865.) 

122. Name any fossils you remember found in the Cfarboniferaiu 

lAmestom. (1871.) 

123. State some leading marine fossils by which you could dis- 

tinguish the Silurian from the Carboniferous formations 
of Britain. (1866.) 

124. Shells of the genus Nautilus occur in the Carboniferous Lime- 

stone : are there any shells of that kind Hying now ? 
(1870.) 

125. Name the formationa in which trilobites hare been found, 

and specify those in which they are most nwmeroua. (1878. ) 
. 126. In what formations do the genera Productus and Spirifera 
chiefly occur? (1870.) 

127. What land of plants are common in the Coal Measures? 

Name some of the genera. (1867.) 

128. liVhat relation does tiie fossil commonly called Siigmaria 

bear to SigiUaria f (1865.) 

129. Can you name any one formation in which there are great 

numbers of fossil plants ? (1870.) 

130. State the manner in which coal occurs in the Coal Measures. 

(1868.) 

131. What theory has been inferred from the occurrence of under' 

clay beneath most beds of coal of the Coal Measures? 
(1871.) 

132. How would you prove that beds of coal generally lie on the 

surface on which the plants grew, from which the coal 
was formed? (1866.) 

133. Explain the nature of the plants of the Coal Measures, and 

how they were buried and turned faito coal. 

134. Under what peculiar circumstances was the JHfagnesian Lime* 

stone of the Permian strata deposited ? (1873.) 

135. State the divisions of the New Bed or Triassio series, and 

the position of rock-salt in that series, and its origin. 
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186. State one or more broad leading distinotions in tlie group* 

ing of the fossils of the Palsozoic and Mesozoic (Secondary) 
rocks. (1867.) 

187. Give examples of PaJcBozaie genera that became eoUinet before 

the commencement of the Secondary period. (1872. ) 

138. How would you readily distinguish Palsozoio and Secondary 

marine formations from each other by means of bivalve 
sheUat (1866.) 

139. State one great distinction between Palaeozoic fishes and 

those of later date. (1865. ) 

140. In what British formation does the oldest known mammal 

occur, and what is its name ? (1870.) 

141. What proofs are there of a long continental European epoch 

between ihe close of the Silurian period and the beginning 
of the Bhaetic Beds ? 

142. Where does the Oolitic series occur in England? what are 

the principal formations which compose it ? 

143. How would you prove that the Oolitic Ooal of Yorkshire is 

of different age from the coal of the Choi Measures f 
(1862.) 

144. Name some genera of fossils common in the lias and Oolite. 

(1868.) 

145. What kind of fossil shell is an ammonite? (1870.) 

146. State the eeneral litholo^cal characters of the British Liassic 

and Oditio strata. I^ame some of the genera of fossil 
shells yery common in these formations. 

147. Whether axe the Purbeck and Wealden beds chiefly com- 

posed of strata formed in the sea, or of strata formed in 
fresh water t (1870.) 

148. What are the reasons for the belief that the Purbeck and 

Wealden strata were chiefly deposited in fresh water at 
the mouth of a river ? (1867. ) 

149. Are there any species of shells in common between the Oolitio 

rocks and the Chalk ? (1868.) 
160. To what order in the animal kingdom do Belemnites belong ? 
In what formation are they most abundant ? (1872.) 

151. Is there any Chalk on the Continent of Europe of later date 

than the British Chalk ? If so, where does it lie, and 
what kinds of fossUs does it contain difierent from those 
in Britain? (1870.) 

152. How do you know that the Chalk was deposited at the 

bottom of a sea ? (1872.) 

153. Under what conditions do yon suppose the Chalk to have 

been formed? (1871.) 

154. How may the occurrence of flints in Chalk be explained? 

In what part of the Cretaceous series in Biittin are flints 
found? 
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155. Kame those formations in which the remains of reptiles are 

most numerous. Name some of the reptiles. (1867.) 

156. In what formations are ammonites most common? (1871.) 

157. Name several genera of Brachiopoda common in the Second- 

ary rocks. (1866.) 

158. Name some genera of CkpkaXopodja found only in the Palaeozoic 

rocks, ana some found only in the Secondary rocks. (1B69. ) 

159. Name the principal formations of the English Socene rocks 

(Lower Tertiary), and state the eonditums under which 
they were formed. (1 871. ) 

160. Name any of the genera or species of fossils found in the 

oldest Tertiary or Eocene rocks. (1861.) 

161. Construct a column of the British Eocene formalwns^ and 

distinguish tl^e mwrme strata by a cross. (1873.) 

162. In what geological period do the remains of large land animals 

(mammalian quadrupeds) first appear in abundance? 
(1872.) 
163.. Name some geological formations in which fossil ferns are 
common. (1868.) 

164. What is the nature of the European fossil flora of Miocene 

age? (1870.) 

165. In what part of Britain are Miocene strata known, and what 

fossils do they contain that lead you to infer they are of 
Miocene age. (1869.) 

166. What kinds of fossils have been found in the rocks of the 

SewcUik HiUs of India, and what is the geological age of 
these rocks? (1871.) 

167. What is meant by the terms Eocene, Miocene, and Pliocene ? 

What deposits in the British Isles are generally referred to 
the second and third of these ? 

168. Do ;^ou know any formations that show evidence of cold 

climates ? if so, name them. (1867.) . 

169. What are the proofs of a very cold climate in the Northern 

Hemisphere in Post-Pliocene times ? 

170. Name some of the mammalia that lived fii the Northern 

Hemisphere during the Glacial Period. (1865.) 

171. How would you prove that Britain has beoiA united to the 

Continent shortly before and immediately after the Glacial 
Period? (1870.) 

172. Name four genera of Mollusca tliat have beer me extinct since . 

Secondary times, and four that liave lived from Secondary 
times to the present day. (1865.) 

173. In what British formations have the remains of mammalia 

been found? (1867.) 

174. Name those formations in the Palaeozoic, Secondary, and 

Tertiary strata of the British IslandSj in which marine 
fossils are numerous. (1866,) 
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175. Kame the chief geuera of univalve and bivalve shells found 
fossil in British fresh- water formations. (1864.) 

178. Name the fresh-water strata or formations in the British 
series of rocks. (1862.) 

177. Name all the British formations the whole or part of which 

have been formed not in the open sea, but at river mouths, 
and in inland lakes salt and fresh. 

178. Mention a living animal and a fossil belonging to each of the 

following classes : — Pisces, Crustacea, Echiuodermata, 
Cephalopoda, Lamellibranchiata, Brachiopoda, and Acti- 
nozoa. 

179. Draw a section across any part of the country with which 

you are best acquainted, and describe it. (1872.) 



EXERCISES. 



I. From a collection of rocks and minerals select the following : — 
quartz, basalt, haematite, felspar, augite, calc-spar, antbj*acite, 
and write a short description of each. 

II. Select : — sandstone, mica, oolite, gypsum, fluor spar, lignite, 
dolomite, sneiss, and describe as before. 

III. SeSct and describe : — conglomerate, shale, hornblende, 
quartzite, granite, clay slate, crystalline limestone, obsidian, and 
diorite. 

ly. Draw diagrams, Figs. 9 and 10, to twice the scale, and 
explain them in your own words. 

V. Draw dia^ams, Fi^. 23, 25, and 26, to twice the scale, 
and give an original description of each. 

YI. Separate a group of shells, coral, bones, and other parts of 
animals, into their proper classes. 

YII. Suppose a straight line to pass &om Lowestoft to Aberyst- 
with, over what formations does it pass ? 

YIII. Across what formations does the 54th pai*allel of N. lati- 
tude pass in England and Ireland ? 

IX. What formations are passed over in going from London to 
Bzighton I 

A. Trace the 52nd parallel of N. latitude in England or Ireland, 
and state over what formations it passes. 

XI. Ihraw one of the sections. Figs. 50, 51, to twice the scale. 

XII. Make out a table, in which arrange all the fossils men- 
tioned in this book, according to the classes of Aninntlfl or plants 
to which they belong. 

XIII. On a large sheet of paper, make out a table of British 
strata, placing all the formations in one column (the oldest at the 
bottom); lithological characters, unconformities, etc., in a second 
column ; and the characteristic fossils in a third column. 

L 
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Acrodus, 110, 116. / 
ActiiMcrinus, OT. / 
Age of Fishes, 89. 

„ Mammals, 131. 

„ BeptUes, 115. 
Aix-la-Chapelle Beds, 121 
Alabaster, 10. 
Allavial deposits, SO. 
Ammonites, 114, 117. 
AmphWierium, 118. 
AnanchyUi avatiu, 126^ 
Anodonta Jukesii, 89. 
AnoplUheriumt 132. 
Antidinal cnryes, 83, 63w 
Anthracite, 11. 
Apiocrinus, 117. 
Aqaeous rocks, characters of, & 

,, dassification of, 21. 
Arenaceous rocks, 7. 
Argillaceous rocks, 8, 
Artesian wells, 49. 
Ashes, volcanic, 14, 17, 8& 
AstarU Omalii, 187. 
AsterolepiSt 89. 
Atherfleld Clay, 122. 
Atlantic, bottom of. 42, 128. 
Atmospheric denudation, 82. 

,, disintegrating agents, 22. 
AtoUs, 65. 

Atrypa reticularis, 86. 
AveJanches, 26. 
Avicvtla eontorta, 110. 

„ Zone, Ua 

Ba&ulites, 124, 126. 

Bagsbot Beds, 128, 129. 

Bala Beds, 84. 

Barrier reefs, 66. 

Barton Beds, 128, 129. 

Basalt, 18. 

Bath Oolite, 111, 112. 

Beds of Passage, 110. 

BeUmnites, 114, 124, 126. 

Bembridge Beds, 128, 130. 

Birds, remains of, 108, 118> 12& 

Bituminous coal, 11. 

Black band. 180. 

Bone Bed, 87, 110, 186. 

Boulder Clay, 141. 

Bovey Tracey, Miocene beds of, 184. 



Brachiopoda, 86, 102, 114, 116, 124. 
Bracklesham Beds, 128, 129. 
Bradford Clay, 112. 
Breccia, 7. 

Brecciated Conglomerates. 104. 
British formations, table of, 76. 
„ strata, thickness of, 74. 
Bunter, 106. 

Catamites, 98. 
Calcareous rocks, 9, 46. 
CaZymene Blumeiibachii, 87. 
Cambrian Rocks, 80. 

„ fossils, 82. 
Cannel coal. 11. 
Canons of Colorado, 84. 
Carbonaceous rocks, 10. 
Carbonate of lime, 23. 
Carbonio acid, action on rocks, 9, 23, 

24. 
Carboniferous rocks, 93. 

„ limestone, 93. 

„ fossils, 96. 

„ volcanic rocks, 95. 

Cardikt planicosta, 131. 

„ s^ilis, 137. 
Cardium Bhaeticum, 110. 
Caverns, formation of, 23. 
Cementing materials, 47. 
Central heat, 48. 
Cephdlaspis, 90. 
CephaU^>da, 87, 96, 114, 117, 126. 

„ Bed, 112. 

Ceratites nodosuSy 107. 
Cerithium Portlandicum, 117. 
Cetiosaurus, 117, 118, 120. 
Chctropotamus, 133, 135. 
Chalk, 10, 42. 

„ marl, 122. 
Change of species, 74. 
Chevrofheriumt footprints of, loa 
Chemical changes in rocks, 47. 

„ disintegration, 22. 
Chemically formed rocks, 21, 44. 
Chemnitzia, 117. 
ChiUesford Beds, 139. 
Chloritic series, 122. 
(Maris coronata, 117. 
Classification of animals and plants, 
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Clay slate, 0. 
Cleavage, 9, 60. 
Cliffs, 86. 
CliDometen, 83. 
Coal, 10, 43. 

„ anthracite, 11, 44. 

,, bituminous, 11, 43. 

„ caking, 11. 

„ cannel, 11. 

„ cherry, 11. 

„ splint, or hard, 11. 

„ brown, or lignite, 11. 

„ of Inferior Oolite, 112. 
Coal-beds, 94, 100. 
Coal-fields, 94. 
Coal Measures, 94. 

„ „ fossils of, 97. 

Coceosteus, 90. 

Oonchifera, 86, 102, 114, 116, 120, 126. 
Conformable stratification, t)5. 
Conglomerate, 7. 
Consolidation of strata, 46. 
Contemporaneous lava beds, 15. 
Coprolite bed, 123. 
Coralline Crag, 136. 
Corals, fossil, 86, 92, 9& 
Coral islands, 42. 

** polyps, 42. 

„ Rag, HI, 113. 

„ reefs, 42. 
Combrash, 111, 113. 
Coryphodon^ 132. 
Crag formations, 1S6. 
Crater, volcanic, 61. 
Cretaceous formations, 121. 
„ fossils, 124. 
„ strata, conditions under 
which deposited, 126. 
Crevasses, 27. 
Cromer Forest Bed, 140. 
Crustacea. 87, 89, 92, 97, 107, 120. 
Crust of the Earth, 8, 60. 
Oiyptodon angv^atum, 131. 
Crystalline limestone, 13. 
Cypris, 120. 
Cyrena, 131 ; C. dongata, 120. 

Dapedius, 116. 
Degrading agents, 22. 
Deinotherium, 136. 
Deltas, 89. 
Denudation, atmospheric, 32. 

„ marine, 36, 37. 

„ of curved strata, 83. 

„ effects of, 82. 

Denuding agents, 22. 
Deposition of detritus, 89. 
Depression of land, 66. 
Devonian Rocks, 91. 

,, fossils, 91. I 



Dichobfme,19i. 

Diorite, 20. 

Dip of strata, 62. 

Dipterus, 90. . 

Dirt Bed, 119. 

Disintegrating agents, 22. 

Dolerite, 18. 

Dolomite, 10. 

Dolomitic Conglomerates, lOG, 108. 

Drift, glacial, 142. 

Dykes, 16, 16. 

Earth, general structure of, 2. 

„ density of, 2. 

„ crust of, 8, 60. 

„ form of, 2. 

„ size of, 2. 
Earthquakes, 63. 
Bchinodermata, 87, 97, 107, 114, 117, 

126. 
Elevation and depression. 64. 

„ proved by coral reefs, 67. 
Encircling reefs, 66. 
Encrinital limestone, 42, 97. 
Encrinites, or stone lilies, 42, 117. 
Encrimu liliformiSf 107. * 

Eocene strata, 128, 133. 

„ fossils, 130. 

„ conditions under wliich de- 
posited, 132. 
Eozoon CanadefiM, 80. 
Erosive agents, 22. 
Escarpment, 32. 
£8theria minuta, 107. 
Estuarine deposits, 68. 
EuomphcUtu pentangulatus, 9& 
Exogyra oolumba, 125. 
Bxtraerinus briareuSt 114. 

Falls of Niagara, 31. 
Farewell Rock, 93. 
Fascieularim, 137. 
FauUs, 64. 
FavosUes eervieornis, 92. 

„ OoOilandica, 86. 
Faxoe Beds, 122, 124. 
Felspar. 4. 

FenesteUa retiformis, 102. 
Fingal's Cave, 19, 134. 
Firestone, 123. 

Fish remains, 87, 89, 92, 07, 102. 116. 
Flagstones, 8. 
Flinte, 123. 
Flora and fauna, 73. 
Fluvio-marine series, 129. 
„ Ciag, 136. 

Foliation, 12. 

Footprints, 67, 103, 107, 103. 
Foraminifera, 41. 123. 124, 13L 
Forest Marble, 111, 113. 
Formations, 76. 
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FonlUntloii, 67. 
FoBsUs, ee. 

Fragmentary rocks, 7. 
Fresh-water deposits, 68. 

„ limestones, 46. 

„ shells, 181. 
Fringing reefs, 66. 
Frost, 24. 

FoUer's earth, HI, 111 
Funu eoniroHut, 187, 1S8. 

Galena, 04. 

OaleriUt, 126. 

Ckdestes, 121. 

Qaoges^ detritus carried by, 38. 

,, delto of, 89. 
Gasteropoda, 87, 117, 120, 126. 
Ganlt, 122. 

Genera and species, 68. 
3itologr, objects of, 1. 
3eological time, 78. 
Slant's Gaosewaj, 19, 184. 
aiacial drift, 142. 

„ periods, 91, 104, 140. 
Gladers, 26. . 

„ erosion by, 28. 

„- signs left by old, 29. 

„ transport of matter by, 27. 
Gneiss, 12. 
G<)mer glacier, 26. 
Granite, 18, 20. 

„ decomposition of, 24. 
Granitic rocks, 20. 
QrapUMUt, 86, 86. 
Gravel, 7. 

Great Britain, general structure of, 77. 
Great Oolite, 111, 112. 
Greensand, 122. 
Greenstone, 20. 
Gritstone, & 

Qryphaa inewrva, 118, 114. 
Gypsnm, 10. 44, 106L 
OjfroUpis, 110. 

HalytUea etUmvlaris, 86. 
Hamitei, 126. 
Hampshire basin. 128. 
Hardening of rocks, 46. 
Hastings Sands, 119, 120. 
Headon Beds, 128, 129. 
Heat, central, 48. 
Hempstead Beds, 128, 180. 
Heterocercal talU, 105. 
Hipparim, 188. 

Hippodium pmderonim, 118, 114. 
H^tvdiiut, 90. . 
Homocercal teiU, 106. 
Hornblende, 20. 
Hot springs, 49. 
Hnronian rocks, 81. 
Hybodus, 110, 11& 



Hytaotawnu, 120. 
Hyraeotherium, 181 

Icebergs, 80. 

Ice-cap. 141, 141 

Ice sculpture, 141 

IcMhyoMurus, 116, 117, 12& 

Igneous rocks, 18, 14, 17. 

Iguanodon, 120, 124. 

Inferior Oolite, 111, 111 

InflltraUon, 47. 

Insects, fossU. 92, 99, 116. 

Interstratifled lavas and ashes, 14. 

Intervals, 74. 

Intrusive igneous rocks, 16, 16. 

Ironstone, 96. 

Isle of Mull Miocene beds, 184. 

Jet, 111 
Joints, 64. 
Jurassic system. 111. 

Kenper, 106. 
Kimmeridge Clay, 111, 118. 

Ldbyrinlhodon, 108. 
Lacustrine deposits, 89. 
LamelUbranchiato, 86, 102, 114, 11^ 

120, 126. 
Lamna eUgana, 182. 
Land plants, 86, 88. 
Landscape Marble, 110. 
Landslips, 80, 86. 
Laurentian Bocks, 79. 

life, 80. 
Lava, 14, 17, 86, 90. 
Leaf Beds of Mull, 134. 
Lepidodmdron, W, 
Lepidottrobus, 99. 
Lepidotut. 116. 
lias and Oolite, lit 
liassic fossils, 113. 
Lignite, 11, 43, 111 
Lima, 116, 125. 
Limestones, 10. 

„ fresh-water, 46. 

„ marine, 40. 
Limnea, 120, 181. 
Lingula Flags, 83. 
LinguleUa JktviHi, 86. 
LUhottrotim baaalti/ortMt 9& 
Uandeilo Beds, 84. 
Llandovery Beds, 84. 
Loam, 9. 
Lodes, 60. 
London basin, 128. 

„ Clay, 128, 129. 
Longmynd, 81, 82. 
Lower Lias, 111, HI 
Ludlow Group, 86. 
hpoM BegiB, 114. 
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Maestricht Beds, 122, 124. 
Magnesian Limestone, 10, 101. 
Mammalia, fossil, 108, 118, 121, 135, 

188. 
Mammallferoiu Crag, 180. 
Maps and sections, 01. 
Marble, 13. 
Marine deposits, 68L 

„ denudation, 85, 87. 
Mai-1,10. 
Marl slate, 102. 
Marlstone, 111, 112. 
MarsvpUes, 120. 
Mastodon, 188. 
Mechanical disintegration, U. 
Mechanically formed rocks, 21. 
Magalodon cueuUatuSf 02. 
Mer de Glace, 20. 
Mesoxoic period, 105. 

„ life, 105. 
Metamorphic rocks, 11. 
Metamoiphism, 47, 58. 
Mica, 4. 
Mica schist, 12. 
Micraster oor^nguinum, 128. 
MicroUstes antiguuBf 106, 110. 
Millstone Grit. 98. 
Mineral, definition of, 8. 
Minerals, rock-form incr, 4. 
Mineral springs, 22, Zo. 
Mines, temperature of, 48. 
Miocene strata, 128, 184. 
„ fossils, 185. 

„ conditions of deposition, 185. 
Missing links, 185. 
Modiola, 118. 
Montmartre On>snm, 180. 
Moorland Coal of Yorkshire, 112. 
Moor Bock, 93. 
Moraines, 28. 

„ profSndes, 141. 
AfososatirtM, 120. 
Mountain chains, 57. 

„ Limestone, OS. 
Mountains and hills, 32. 
Mud, 8, 89. 
Muschelkalk, 108. 

Natural Orders, 69. 

NaviUus, 125. N. eitUnais, 191. 

Needles, Isle of Wight, 87. 

Neocomian, 120, 122. 

Neu/ropterU, 08. 

NiM, 25. 

Newer Pliocene, 128, 180. 

New Bed Sandstone, 106w 

„ Marl, 100. 
Nile, detritus carried hj, 88w 

„ delta of, 89. 
Norwich Crag, ISa 
Nummulites, 129. 



NunmvlUes ksvigaiut, ItL 

Obsidian, 18. 
Older l>Uocene,128» 180. 
Oldest known mammal, 108. 
„ rocks, 78. 

„ yertebmte^ 87. 

Oldhamia, 82. 
Old Bed Sandstone Bocks, 88. 

„ fossils. 88, 00. 

„ conditions of de- 

position, 90. 
Old sea-beachers, 68. 
Omphyma turbinatum, 86. 
Oolite, 10, 111. 
Oolitic rocks, HI. 

„ fossils, 116. 

„ conditions of deposition, 118. 
Organically formed rocks, 2L 
Organic siliceous deposits, 48. 
Original fluidity of the Earth, 50. 
OrOioeertu anntUaium, 87. 
Osborne Beds, 128, 130. 
09breaJlahaUfide$, 116. 
(HodwobliqMU^lBi. 
Outcrop, 02. 
Oxford Clay, 111, 118. 

PalflBontology, 66. 

PckUBotherium, 182. 

Palnoxoic formations, 78. 

Palaeoaoic rocks and fossils, general 

nature of, 104. 
PaludinOt 131. P.flnviorum, 120. 
Paper Shales, 110. 
Paradoxides Davidit, 82. 
Passage Beds, 88. 
Peagrit, 10. 
Peat, 48. 
Pebbles, 7, 88. 
Peoopteris, 98. 
Pecten 5-co9tatu8, 125. 
Peetunoulus variaHlia, 187. 
Penstones, 86. 
Pentamerus Bads, 84. 
Perched blodcs, 29. 
Permian rocks, 101. 

„ foBsUs, 102. 

„ conditions of deposition, 108L 
Petrifaction, 67. 
Petrifying springs, 46. 
Phaa^ eaiidattu, 87. 
Phasoololherium, 118. 
Phosphatic nodules, 186. 
PholodomyaMoula, 117. 
Phyio, 120. 
Pisolite, 10. 
PUigiaulax, 121. 
Planorbit, 181. 
Plante, fossil, 66, 85, 88, 92, 07, 98, 00, 

103, 107, 114, 116, 120, 131, 185. 
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Plastic CUf, 128, m. 
PUsioaawrut, 115, 117, 196L 
PleuroUmaria ornata, 117. 
PUocene stnto, 12S, 18& 

,, fossils, 137. 

„ conditions of deposition, 188. 
Poljsoa. 102. 
Pompeii and Heronlanenm, eioaTa- 

tions at» 18. 
Porphyritic granite, 20. 
Porphyry, 20. 
Portland OoUte, 111, 118, 117. 

„ stone, lis. 
Positions of rocks, 60. 
Potstones, 128. 

Pressure, effect of, on rocks, 48. 
Prodnelui gigaiUwu, 00. 
,, harridtu, 108. 
PterUhthvB^W. 
PterodoefylM, 116, 117, 128. 
Pteropoda, 87. 
PUrugatus anglieut, 89. 
Paddlngstone, 7* 
Pamioe,18. 
Porbeck Beds, 119. 

« fossils, 120. 

„ conditions of depoiittOB, 12L 

„ MarUe^ 119. 
Fwrpwra UkiMgona, 187, 188. 

Quarts, 4. 

Qoarti rock, or Qoariiite, 19L 

Qoioklime, 9. 

Beading Beds, 128. 

Becent deposits, 144. 

Bed Crag, isa 

Begelation, 27. 

Beptilian remains, 99, 108, 107, 115, 

117, 120, 126. 
BhaeUc and Penarth Beds. 109. 
„ fossils, 110. 
Bhyneondla, 116, 
Bipple marks, 08. 
River graTels, 84. 

„ terraces, 84, 89. 

„ Talleys, 84. 
Birers, origin of tortoons oonrse of, 84. 

„ as transporting agents, 88. 

„ matters carried in sospension 
by, 88. 

„ fed by glaciers, 89. 
Rodiet moutann^ea, 29, 141. 
Bock, definition of, 8. 
Books, straOfled, 4. 

„ igneous, 18. 

„ and minerals, 8. 
Book-forming minerals, 4. 
Book-ialtu 44, 106. 
fioitsUarta ear^iala» ISK, 



Bothliegende, 102. 

Bunning water, erosion by, 8L 

St Cassian Beds, 110. 
Sand, 7, 89. 
Sandstone, 8. 
Soaphites, 125. 
Schistose rocks, SOL 
Schizodiu, 103. 
Sea-beaches, 89. 
Sea-breakers, 6, 89. 
Section across country south of Bala 
Lake, 88. 

„ Wenlock Edge, 84. 

„ Carboniferous lime- 

stone, Derbyshire, 04. 

„ Bristol Coal-field^ 95. 

TheWealdofKent,120. 
Sediments of open ocean, 89. 
Septaria^ 129. 
Seraphims, 89. 
Serpentine, 13. 
Sewalik HUIs, 185. 
Shale, 9. 
Shingle, 7, 89. 

Siliceous deposits, organic, 48. 
SUnrian fossils, 85. 

en ." . "'^ ^• 

Slate, 9. 

Slaty dearage, 9, 59. 

Snow, 25. 

Snowdon, 85. 

Solenhofen lithographic stone, 118. 

Speeton Beds, 120, 121. 

SpiriferastriaivLt, 96. 

Stalactites, 45. 

Stalagmites, 45. 

SiertOQnaihus, 118. 

Stigfnariafieoidu, 98. 

Stone bed, 137. 

Stonesfield SUte. HI, 112. 

Strata, contorted, 63. 
„ curved, 63. 

„ horizontal and inclined, 6L 
„ vertical and inverted, 62. 

Striation of rocks by glacial's, 28. 

Strike, 62. 

Strinaocephalus BwrlinU 92. 

Strophomena depressa, 86. 

Subaerial denudation, 82. 

Sulphate of lime, 44. 

Sulphide of lead, 94. 

Superposition of strata, 78. 

Swanage, Pui'beck fossils at, 121. 

Syenite, 20. 

Synclinal Curves, 83, 68. 

Syringopora ramvloaa, 96. 

Temperature of mines, 48. 
Ur^haMa, HO, 124, 137. 
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TertUry strata, daasifloation of, 127. 

Thanet Sands, 128. 

Thunderbolts, 114. 

Tides, action of, 3ff. 

Till, 141. 

Toadstone, 16, 90. 

Trachyte, 18. 

Thmsportation of eroded material by 
rivers, 88. 

Trap rocks, 16. 

Travertine, 46. 

Tremadoc slates, 84. 

Triassic rocks, 105. 
„ fossils, 107. 

Trias, conditions nnder which de- 
posited, 108. 

Trigonia eottata, 116. 

Trilobites, 82, 87. 

THnuOeusfimbriiUut, 87. 

TripoU,48. 

Tufa, 46. 

TurriMet eoitatus, 125. 

Underday, 100. 
UniOt 120. 

Upper Oreensand, 122. 
Upper Lias, HI, 122. 

Veins, 16. 
Vertebrates, 02. 
Volcanic ashes, 14^ 17, 86, 06. 
„ glass, 18. 



Volcanic mountains, 18. 

„ rocks, 14, 17. 

„ „ Carboniferous, 05. 
Volcano, section through, 52. 
Volcanoes, 40, 61. 

,, extinct, 52. 

„ submarine, 62. 
VohOa luetaMx, 181. 
„ Lamberti, 187, 188. 

Water as a geological agent, 6. 

„ hard, 28. 

„ solvent power of, 22. 
Waterfalls, 81. 
Waterstones, 106. 
Weald CUy, 110. 

Wealden and Purbeck formations, 110. 
Wealden series, 120. 
„ fossils, 120. 

„ conditions nnder which de- 
posited, 121. 
Weald of Kent, 110, 120. 
Weathering of rocks, 25. 
Wenlock Edge, section across, 84. 
Wenlock Group, 84. 
White Chalk, 122, 128. 
White Orag, 186L 
White Lias, 110. 

Woolwich and Beading Beds, 128. 
Wychwood Forest, 118. 

Toredale Bocks, Oi. 
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